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COMPUTER SIMULATION

Computer simulation enables ms to construct and test the
dynamics of complex physica]‘ and biological systems as
well as a wide variety of social processes and problems.
This bibliography contains abs,tracts'of Rand publications
on the theory, design, and use of computer simulation.
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RM-6214

“use of Rand model! to prevent hypokalemic cardiac arrhythmias

during surgery P-4390

BIOMOD

BIOMOD: interactive graphical interface to continuous system
modeling RM-6327

BIOMOD: an interactive computer-graphics system for biologrcal
modeling P-4410

BIOMOD “interactive graphics computer system to simulate
biological systems P-4503

BIOPHYSICS _
a defense of neural modelling P-3057
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on-line graphical programming and operatlon of a movmg
network display -RM-5183 - )
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ongoing simulation as an aid in designing the Video Graphics
System RM-6112

development of new digital simulation languages P-3348

use of computers in investigating nervous system (in Spanish)
P-3689
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RM-5777
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a FORTRAN programmer’s introduction to SIMSCRIPT 11
RM-5937
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SIMSCRIPT-based language RM-6132
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COMPUTERS

tidal volume-dead space relationship: in compuler studies of
respiration RM-4406

electrophysiological measurements and simulation of interacling
nerve cells RM-4579

two-compartment model of the lung RM-4833

problems in statistical analysis of simulation experiments
RM-4880

demonstration test of computer-assisted countdown RM-5005

ECSS: a language for simulating performance of computer
systems RM-6132

simulation of a neural network by digitai

a defense of neural modelling P-3057

used in application of stochastic processes to countdown
analysis P-3148

families of models for problems in strategic nuclear war
P-3198

Tarlog: differential ground combat model

models of military conflict P-3400

use of computers in the delivery of medical care

P-3036

P-3301
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CONTROL THEORY

mathematical analysis and digital simulation of respiratory
control system RM-5244

maximum-likelihood estimation detection for nonlinear dynamic
systems RM-5859

COST ANALYSIS

- 3PARTAN: Model for evaluating alternative weapon system
programs RM-5769

SCAM: a system support cost analysis model

COST-EFFECTIVENESS STUDIES
linear programming model of federal educational support
P-4038

RM-6049

COST ESTIMATES ]
analysis of costs of training AF pilot candidates RM-6082
cost model for undergraduate pilot training and USAF Survuval

School RM-6083
user's guide to the Undergraduate Pilot Training computer cost
model RM-6084

cost-estimating model for USAF advanced pilot training
RM-6086

user's guide to the Advanced Pilot Training (APT) computer cost
model RM-6087 )

simulation models to analyze USAF pilot training costs and
resources" P-4070

COUNTERINSURGENCY AND INSURGENCY ‘
a model and computer program. for targetlng strikes in an LOC
network RM-5940 .
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techniques for lnput-output anatysls of computer s|mulat|on
results RM-5540

automatic method of objective contour constructlon for .

geophyslcal problems RM-5564
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SPARTAN Model for evaluating aIternatlve weapon system
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a model for handling uncertalnty in force-structure studles
P-4017

-decisions concerning atmospherlc modeIlng and |ts fleld
programs - P-4315 . . :

DEPLOYMENT :
Q ation of airlift of Army units to combat areas',
E MC bridged)

uter graphics in FAST-VAL Ground Unut Deployment Input
System RM-6224 ’

RM-4219
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vmanaglng c||mat|c resources

DEPOTS

PLANET: Part V—Reports and Analysis Library RM-4663

model of priority dispatching and sssembly operations in a job
shop RM-5370

SCAM: a system support cost analysis model RM-6049

ptanned logistics analysis and evaluation: PLANET depot
simulation P-4228

DETECTION

maximum-likelihood estimation detection for nonlinear dynamic
systems RM-5859

DIAGNOSIS
unique mathematical models of individual blood as aids to
diagnosis RM-5396

DIFFERENTIAL EQUATIONS
for changes in gas concentration in a twocompartmeni model of
the lung RM-4833

DISTRICTING
design and preliminary resuits of NYC Fire Department
simulation model R-632

ECOLOGY

conceptual design for a model of globatl climate and ecology
P-4454

ECONOMICS—DOMESTIC
a model relating system credit expansion to individual bank
policy P-3860

ECSS
experience with initial version of ECSS special purpose simuiation
language R-560

EDUCATION AND TRAINING

user's guide to PILOT, a computer simulation of pilot flow
RM-6081
analysis of costs of training AF. piiot candidates RM-6082

cost model for undergraduate p|!ot training and USAF Surv»val

School RM-6083
user’'s guide to' the. Undergraduate Pilot Training computer cost
model RM-6084

description of advanced pilot training RM-6085

cost-estimating model for USAF advanced pilot tralnnng
‘RM-6086

user's’ guide to the Advanced Pilot Tra|n|ng (APT) computer cost

model - RM-6087
mathematical models of education and tra|n|ng review of the
literature - RM-6357
- linear ‘programming model of federal educatlonal support
P-4038
simulation "models to analyze USAF p||ot tralnlng costs and
resources P-4070 .
ELECTROI\I(‘S T
emission rates in thermlonlc diodes.. :RM-5810
ENGINEERING -
a short course in . modeI design P-3114

ENVIRONMENTAL HEALTH 'AND SAFETY
P~4000 -1..

ENVIRONMENTAL PROBLEMS

climate- dynamlcs for envnronmental secur|ty w1nd-dr|ven ocean‘
model- RM-6210 )

’,model for assesslng water quahty of welI mlxed estuar|es

g computatione. :RM-6230. -

description. ofa model of fluld waste dxscharge |n Jamalca Bay
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- conceptual deslgn for a modeI of global cInmate and ecology
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ERROR ANALYSIS

space tracking error propagation and orbit prediction program
(TEPOP) RM-6256

FAST-VAL

computer graphics in FAST-VAL Ground Unut Deployment Input
System - RM-6224

simulation of secondary effects of casualties and fire exchange
RM-6268

a model for forward air strike evaluation P-3076

FILE STRUCTURE AND MANAGEMENT -
JASP-language routines for information storage/retrieval on JOSS
system: RM-6279

FIRES

design and preliminary resuits of NYC Fire Department
simulation model R-632

FLUID DYNAMICS

compuler model of long-period water-wave propagation for tide
or flood prediction RM-5294

convection and diffusion in microcirculation: fluid mechanlcal
processes RM-6214

FORCE PLANNING
user's manuai for SAMSOM 1l RM-4923

FORCE STRUCTURE

a model for handling uncertzinty in force-structure studies
P-4017 ‘

FORECASTING

possible use of applied science techniques in the social
sciences P-3063
trave! dernand forecasting in transport system analysis P-3785

FORTRAN

IV used in the Army Deployment Simulator: RM-4219
(Abridged)

1V, in computer simulation of adaptl\ee routing techmques for
distributed communications systems RM-4782

SPARTAN: Model for evaluating alternative weapon system -
programs. RM-5769

computer program for estlmatlng free area function in
thermionics RM-58i0"

FORWARD AIR CONTROL
three-console JOSS simulaticn of close air support P-3606 .

FUELS
simulation mode! of fuel and ammun|t|on underway
replenishment operations °~ RM-5517

GAME THEORY
man - mach|ne slmulat|on experience -3214

GAPSS (Graphucal Analysus Procedures for System
S|mulat|on) :

computer ‘graphics analys|s of data from s|mu|at|ons |n the GPSS
language ‘P—3977 : : Lo

GEOPHYSICS

thermospheric tidal oscillations and upper atmosphere density
models - R-585

 numerical modeling. of ‘condensétion . RM-5553 -

automatic- method of objective contour. plottmg for geophyslcal

" problems - RM- 5564 S

numerical models of a-cumulus cIoud wnth bllateral and axial
symmetry ‘RM-5870" -

+“--ts of reflection mechanics and western or|entat|on on ocean

l: lC urrents RM-GllO

N . E

eddy viscosity and transient Rossby waves in a barotropic ocean
model RM-6210

study of transienl Rossby waves in a winddriven homogeneous
ocean P-3455-1

GERT

a stochastic network approach to test and checkout with GERT
simulation P-4486

GOVERNMENT

a mode! for evaluating alternative Federal Reserve Bank
policies F-3860

GROUND FORCES
Tariog: differential ground combat model P-3301

HEALTH CARE

unique mathematical models of individual blood as aids to
diagnosis RM-5396

analyiic hospital planning: Mathematical resource aflocation
RM-5893

model for predlctlng the effects of artificial kidney treatment
RM-5955

mode} of whole body base excess, based on acid-base stress in
dogs RM-6203

use of computers in the delivery of medical care P-4019

prevention of hypokalemlc cardiac arrhythmias during beart-lung
bypass P-439C

HIGHER EDUCATION
mathematica! models of education and training: review of the
literature RM-6357

HUMAN FACTORS

computer graphics in computer-based, military modelmg or
gamlng systems RM-6224

HYDRODYNAMICS

computer mode! of Iong-period water-wave propagaticn for tide .
or flood prediction RM-5294

INFORMATION PROCESSING

statistical techniques for detecting and classifying neuronal
interactions RM-4939 .

INFGRMATION RETRIEVAL _ »

JASP-language routines for information storage/retrieval on JOSS
'system RM-6279

INFORMATION SYSTEMS .

programmer’'s guide to VIMCOS RM-5949. .

VIMCOS, a man/machine simulation study of maintenance
information system RM-6036

- a general. simulation- mode! for. management information

) networks VP-4140

INTERCEPTION

TAFCOM: program" description of two-slded tactrcal air war
simulation . RM-5519-1 - .

_user’'s manual :for- TACTICS, a 3- body, 3- dlmenslonal intercept .

sumulatlon RM-57.;9

INTERDICTION : '
model’ of ‘military. hnghway transportat|on RM~4945

.. a model and:computer program: for targeting .strikes in an LOC
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JASP
a simulation language for JOSS RM-6279

JOSS

assessment of maximum C-130L tactical airiift capability; JOSS
program |II RM-5822

JASP: a simulation language ior JOSS RM-6279

interactive use of JOSS consoles in simulation and war gaming
P-3606

LABORATORY PROBLEM |V
study of maintenance at an AF base P-3214

LINEAR PROGRAMMING

a flight planning model for Military Airlift Command RM-5722

resource-directive approaches for optimizing nonlinear
decomposable systems RM-5829

analytic hospital planning: linear programming in resource
allocation RM-5893

linear programming mode! of federal educational support

P-4038
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ABSTRACTS

REPORTS

R-460-PR The SIMSCRIPT 1l ngrammlng Language. P Ji Kiv-
iat. R. Yillanucva. H. M. Markowitz. October 1968.

A uscr’s and programmer’s manual for SIMSCRIPT [l that requires
only a basic knowledge of computers ind programming language trans-
lators (compilers). Scctions-that arc unusually difficult or contain fca-
tures of limited use arc marked with an asterisk. The manual is divided
into five chapters. corresponding to five larguage levels. Level 1is a
tcaching language designed to introduce  programming’ conccpls o
nonprogrammers. Level 2 is a language roughly comparablec in power to
FORTRAN, but departs from it in specific features. Level 3 is compara-’

blc in power to ALGOL or PL/I, but with specific differences, and con-"-., -
tains information on the new. ALPHA mode for alpha-numcric manipu- -
lations, on writing l'ormatted rcports. and on internal cditing. Level 4

contains the cntity-attributc-set - features of SIMSCRIPT. which have
becn updated and augmented to provide a more powerful list-processing
capability. Level 5, the simulationoriented part of SIMSCRIPT 1I. con-
tains statements for time advancc, event and activity processing, gencra-
tion of statistical variates, and accumulation ard analysis of simulation-
generated data. Two new debugging routines, BEFORE .and AFTER,
cnablc the momtormg of six complcx processes. 395 pp- (MW)

R-495-PR Rand’s Chemical Composmon Program A Mm.ual M.
-Shapley L. Cutler. Junc 1970. :

A user’s manual for Rand's digital computer: program for solvmg com-
plex chemieal composmon problems by determining the distribution of
chemical species in mulucomp'lrtmemcd systems that minimizes the-free

cnergy of the system while consefving the. mass of .each chemical com- -

ponent. The total ‘program, contammg more than 35 subprognms. is
flexible. During :a run, the user may. alter the data—c.g., add cxtra
amounts of some chemicals (strcsses),- thus changing thc model’s compo-

sition and crcating a ncw problem. He may also control some constants, - .
cause computation and printing of ccrtain measures of amount of error,.,
and rcquest various special computations and ‘mesiages. Finally, the; .pro-|
gram may be uscd by either prencnccd computer. programmers or.’

those  unfamiliar with programming methods because, first. the ‘uscr, re- !
fers to-the data eléments by casily remembered alphanumeric naipcs
and, second, he gives operation instructions by control cards contammg‘
one alphanumenc word 228 pp: Ref. Blbhog (LC) -

R- 505- ARPA Stude in Clrmalu Dynamrcs for Envrronmc'\tal Sc-
curity: A Calibrated Analytical Model for. the Thermohaline and Wind-

Driven Circulation in the Interior of a bubtroprc'll Occ'ln R. C Alcxm "

der. September. 1970.

A semrempmcal model of the- crrcuhtmn 1mmcd1at bcncath thc sur-
face frictional layer in middle iatitudes of thc' opcn “geean.. Thc report

contains sections on.scaling'and calibration; variation of the'wind strgss ;.

. parameter.to check the calibrated model. and variation’ of  the’ vertical:

‘thermal diffusion parameter. Results are discussed in terms of ‘heat bal-.. :

-ance componeénts. The temperature distribiitions calcilated are in ‘qual
tative agzeement. with the more detailed: numcrical modcl of Bryan dnd .

Cox..An mcreqsmg]y pronounccd subtroprcal high’ témperature; p'mcrn R
with an increasing wind stress paraméter is-a feature common to both- -

" models: A new: result is the lack of appreciable differences in‘tempera-’
ture distributions wnh or without* vertical. thermal. diffusion. This* and -

L o!hc_r esults suggest that Welanders” purcly ‘advective; model.; suitably ©. .
calibrated, is a correet first approximation for. the' intermediatc ¢ircula-: -
-5594 :RM-61.10, RM 62l0 Rin: 6211 D

tion.:33 pp. Ref. (Sce also RM
(MW)".

R:514- PR

A Markov1an Flow Modcl The Analysis of Movement,

in L'lrEe Scalc (Mrlm\ry) Pcrsonnel Systcms J w Mcrck K’ Hall Feh- b

) ruary 1971, e _ : i
EMC : B " e

PAFuiTox provided by ERIC . A i . B .

L relocatmg and dlspatchmg ﬁrc-ﬁghung units. is described: Issues trcatcd‘
,:v‘:mclude the uscof mtcrnal ‘measures-of - performance’ as. proxies - for?

First of a series of reports deseribing a model of social mobility o' pro-
vide information’ concerning patterns of movement. projections of the
existing population into the future. and the impact produced by-changes
in the rate of movément. The model and computing procedures permit
personncl managers to create an infarmation system that. describes the
social and- geographic mobility ‘that military persennct continually: un-
dergo. Derived from mathematical coneepts of Markovian processes. the
model is presented as a scrics of FORTRAN subroutines capable of be-
ing used on a variety: of’ contemporary computers. The model's principal
attribute is its capacity to create future expected values given the start-
ing distributions and a matrix of t7ansition probabilities. Other options.
ranging from-the computation of- “the transition matrix to the compari-
son of projections under different conditions, are peripheral subroutines
of. the modcl. but give it the flexibility: mqulrud for complete analyus of
thc movement of members of a popmatmn (Scc also R- 534, R 5350

-131 pp. Ref. (KB)

R-560- NASA/PR Expericnee with the. Extcndable Computcr Sys-
tcm Slmul'ltor D W. Kosy. November 1970.

A Teview of the capabrlmcs of the’ prototypc Extcndable Computcr Sys-‘
tcm Simulator ~ conceptually described in+ RM=6132, pointing out

e strengths. and weaknesscs of this approach to computer system simula-

tion. and indicating general design principles for computer systcm simu-
lation langiage. ECSS complies with thesc principles in being powerfil,
flexible, readily cxtended, casily used. and in producing, models that are
economical to rcrun. However, the user should be given more iccway
for unusual cases, including greater freedom to skip undesired opera-

tions via a more cxtensive set of procedural statemsnts. A'computcr sys-

tem simulation language’ should also includc automatic collecuon ofsta-

‘tistics, with output summaries or trace output available on demand. A

rcprcscmau_vc ECSS program is appended. 36 pp. Ref. (MW)

R-585-PR Tidal Oscillations in the Ther‘mosph‘ére and Their Im-
plications for Upper Atmospherc Densrty Modcls E. S. Batten. Scptcm- .
ber l970 : : S

A study of:

“thic variation of atmosphcnc parametcrs in thc lower thcr-'

‘mosphcre (80 150.km) in terms.of the thcory of :atmospheric ndcs The

existing tidal theory is expanded to include the effects of dlsstuon ‘and-

. evcitation.jn the thermosphere. The effects of heat conductivity and ab-:
 sorption’ f solar radiation in the thcrmosphere are added to the existing ,

tidal thcory The results ‘are then’ compared ‘with observations of winds ",

-inthe lower thermosphere, to determinc. the extent to which the tidal:;

thcory can'explain ‘the observed. variations of . mctcorologrcal varrablcs in
ower - thurmosphcre ‘Results indicate that many fcatures of lower .
icwind proﬁlcs can be cxplamcd in terms, of . tidal thcory o

ty modcl insthe range “of 100 150 kmi' that can be’ used for;‘:“
llnc-posmon predrcuons 127 pp Brblrog (Author) :

A Srmulauon Model ot Firc Dcpartmcnt Operatmns.' e
d Prehmmary Rcsults.tG M Cartcr .E'.? Algnall 'No‘vcmbc‘r'. ‘

iithe! ‘use, of a alyucal models_ for’ various: subprohlems to
¢ ifc ‘and ‘other i 1mpor

and mput and. posl-




Kk-641-PR Generating Gamma Distributed Vartates for Computer
Simulation Modcls. M. B. Bermun. February 1971,

Compares two methods of generating random variates Tor simulation
studics from pamma distributions with non-intcgral shape parameters.
The commonly used probability switch approximation method ‘is exam-
ined for accuracy and computation costs, while Johnk's exact method is
investigated for computation costs. The probability switch method up-
proximates the gamma distribution very closcly for shape paranieters
above 5.0, poorly between 1,0 and 5.0. and not at all below 1.0. Juhnk's
methad. while exact. is 2.5 to 3 times slower in the shape paramcter
range of 1.0.to 5.0. Johnk’s method is recommended for shape parame-
ters below 5.0, and the probability - switch method is recommended

above 5.0. FORTRAN routines for the two methods arc,“pruvidcd. The -

data used to investigate the accuracy of the probability switch method is

appended, as are selected plots of the distributions and a discussion of

methods to generate beta variutes. 52 pp. Ref. (Author)
R-642-RC
Madel for the nth-Order Loop. R. J. MacGregor. February 1971.

A oreliminary study of the inherent’ dynamic propertics of feedback
pathways composed of millions of brain cells. The ultimate aim is to

predict feelings and behavior from the anatomical arrangement of nerve -

cells. This report maps the characteristic modes of oscillation for cclls in
a single closed loop—a lincarized gencralization of the interconnection
pattern found in the hippocampus of the mammalian brain. Any or all
cells may be externally stimulated. may activate or be’activated by any

other. and may contributc’ output individually or jointly, all with time -

lags. The analysis suggests that to possess many different persisting
modes, a loop should have many eclls with high average interunit con-
duction time and a large mecan connective. cocfficient. This may be cx-
pected in celt'networks with ‘long, thin. unmyclinated axons and strong
interconncetions, such ‘as the open system networks of the lateral hypo-
thalamus and the brain stem reticular formation. 47 pp. Bibliog. (MW)

RAND MEMORANDA

RM-4219-ISA (Abridged) - The Army Deployment Sil.nulnl'orv._ W,

F. Sharpe. March 1965. -

Description of a computer program. 1o simulate the deployment of Army

units via transport aircraft from peacctime locations to actual or.poten-
tial combat areas. The program: writicn in FORTRAN .1V for the.IBM
7044, can be adapted for usc on any of several large-seale computers. A
typical deployment problem is used to itlustrate the Various phases:of
the systcm. Appendices list inputs-and outputs for the sample. problem.
82pp. - . T U T s
.RM-4242-PR
periments, H. M. Markowitz, R. C. Steorts.-June 1965.

Intrinsic Oscillations in Neural Networks: A Lincar

Madify and ‘Restart Routines for SIMSCRIPT Ex-

20

A presentation of routinesjto be uscd Wilh; :any-.S‘IMS_‘C:RiPT simﬁla;ion L

program: They provide snapshot, madify. and restart capabilities for:the - -
following game: and experiment applications:. (1) man/machinc:'games, .

in which-the.computer simulates a system’for:a:period of’time,:humans
then use -the results to decide on changés in:policy paramcters’ for:the

following period, and ‘the compuier resumes’simulations where it lcft off

but with policy parameters modificd; and (2) simulation cxperiments in

. which snapshots of the simulated system arc Tecorded on.tape -at various -
poiats. in ‘time, After: inspecting  the; periodic ‘and ‘summary - print-outs . -
produced by the simulatjon,-an analyst may spécify a rcturn to Somc -

snapshot, modify one or ‘more parametcrs, and’ resume . simulation, ‘at

that point. While - this revised simulation is running; additional snap-:: ..~

. shois-may be taken 5o that 'the process can be repeated. 69 pp. .

ir

RM4347PR - ‘;,lFiu‘id?Ba‘lb';‘i‘riéé‘:‘andel‘eEirdlch ;1Dislnbii;i6n i the

.. Human Body. E. C: DeLand, G- B. Bradham. Febriiary 196

Presentation of a“concéptual ‘niode'll‘;‘an'da_a:mﬁl‘h'e-hafli‘c ‘method::f
computing ' the ‘physiological : fluid: and “electrolyt¢: distribution-: for “sc
lcct{:d body compartments of an avcrage,-young,’ 70-kilogram’ human

v

'RM-4393-PR

May: 1965,

'RM-4579-NIH

" ncv_ss?,84vpp..r .

- ous, hardware
" help;in:est
S bl

" Si

“for’

male, The mathematical procedure simulates the physivlogical subsys-
tems by incorporating all the known chemical reactions and clectro-
chemical relations that seem necessary to establish the fluid and electro-
lyte distribution. The construction of the model and the mathematicaj

~background are given in heuristic form only. with reference. for rigor-

ous development. to carlier reports (RM-2519-PR. RM-3212-PR. RM-
3707-PR. RM-3935-1-PR). The results of validation experiments, con-
sisting of chemical stresses applied to the model. are discussed. 122 pp.
Bibliog. :

Spectral Analysis of Time Series Generated by Sim-
ulation Models. G. S. Fishman, P.J. Kiviat. February 1965., :

~An- application ‘of spectral” analysis 10 the study of time scries using -

mathematical models known as  covariance  stationary  stochastie

" processes, which arc uscful representations of autocorrelated time series.
" A discussion of the rationale. backgrounds, and basic ideas of the study

is given. Three simulated experiments are presented as cxamples of how
to apply spectral analysis. 80 pp. (Scc:also RM-3789-PR.)

RM:4406-NIH Compultchludics‘of Respiration. T. W. Murphy.

Part of a continuing study on, the application of modern data-processing
tcchnology .to the analysis of the respiratory and circulstory systems.
The calibration of the system is described and the abilitics of the device
arc demonstratéd in an investigation of the tidal volume-dead space re-

lationship. Advantages of this approach arc discusscd. 78 pp. Bibliog:

RM-4460-PR Pi'ogrammingf‘n_y Qt‘lcglionna‘ir‘c. A. S. Ginsbe‘?g. H.
M. Markowitz, P. M. Oldfatier.. April 1965. i

A description® of the program’ generation concept. or programming by

questionnaire. a. technique for reduring the cost and time required to,

produce computer ‘programs within ‘specificd: arcas of application. The
Memorandum describes the technique, eompares it to existing tech-
niques. and discusses potential uscs. The method i§ deseribed in terms of
the Job Shop Simulation Program:Generator (JSSPG), an example de-
veloped to test the feasibility and desirability of the coneept. 49 pp:

Spiléc-Pfobﬁbililics in . Ncuroncs: Influence  of
Temporal Structure in the Train of Synaptic.Events. J. P. Segundo, D.
H. Perkel. G. P. Moore. December. 1965. ‘ : .

Report of: experimental work involving tlectrophysiological measure-
ments and computer simulations of intcracting nerve cells. Ccriain in-

put-output relations are studied by way of intraneuronal recordings in:

isolated visceral: ganglia of .Aplysia “californica. Experiments. in com-
puter-simulated ncurons reproduced ‘and cxtended the results of the ani-

.mal experiments. One aim of the study.is to determince: (1) What tem-

poral configurations of suceessive: presynaptic' spikes, imbedded:in the

* presynaptic spike train, presage the oceurrence of a spike in the postsyn-

“aptic'cell? (2) How many presynaptic spikes are significantly involved in

influcntial configurations? (3) What'is the efieetive duration-of influcn-
tial configurations? and (4) What is the effect of postsynaptic refractori-

, RM4589PR - Simﬁiﬁliﬁﬁliapd‘ Evﬁil'u‘a'l‘iibh‘ of:‘.l..bgi‘él_ics_ Syéié}n;s. B.

J. Voosen. September.1965." i

* A déscription of FLANET (Planned - Logistics - Analysis. and Evaluation

Techniqud). designed o increase the possibility:of discovering flaws'in a
weapon | system ~before it becomes . “operational.  Through.. testing,
'PLANET can obtain 2 measurc of the:costs’ of logistics support for vari-
configurations ‘and: operational requirements.” It can.also

‘for ‘maintenance ;manpower: :equipment.‘and’ spare’ parts. Even

‘different-configurations. It thercby allows the plan-
he rélativ éﬁfeqts‘,of decisions

M.1659-

lator.

Thé-computer operating ;manual,. and. programmer’s .

g heeds; fat ‘various: levéls of. reliability; and* maintaina-
1 PLANET .¢innot optimize. the :hardwarc configuration,-it’ per- .

“during’ the planning-and . .

the ‘Availability:and Base' Cadre (ABC) Simulator, onc:of. the’four . -

ERIC -
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Aruitoxt provided by Eic:

simulation programs that makc up the Planncd Logistics Analysis and
Evaluation Technique (PLANET). The ABC Simulator is intended 10
simulate the organizational maintenance activitics in a single or mul-
tibase environment. The model can bc used to simulate rmissiles or air-
craft (in some cascs, both). Its structure is very flexible ansd allows study
of a broad range of problems, such as the impact of increased
workloads, changes in hardware design and/or operational ' require-
ments, manning, and maintenance systems. Nearly cvery facet of main-

tenance and other logistics activities is incorpcrated .in the model. in-

cluding variable personnel staffing by type, base, and shift; travel times
with delays and equipment failures; part failure modes and failure lev-
cls; maintenance repair time. distributions, etc. Although PLANET is
programmed in SIMSCRIPT, the user need not be an experienced SIM-
SCRIPT programmer to conduct a simulation. The step-by-step instruc-
tions given in the programmer’s manual will enablc the user to assemble
his data in a form acceptable to the model. The ABC simulator has the
capability to rerun a simulation from any' point, without repeating the
previous execution. 216 pp. Refs. (See also RM-4950-PR.) '

RM-4660-PR  PLANET: Part II--Bench Repair Simulator. B. J.
Voosen, M. H. Buchanan. April 1967.

The computer routines, operating manual, and programmers’ manual
for the Bench Repair (BR) Simulator, the second of four simulation pro-
grams constituting the Planned Logistics Analysis and Evaluation Tech-
nique (PLANET). BR is designad to simulate the operations of the vari-
ous repair shops on an ‘Air Force base. Either one or many shops can be
examined with a'single simulation: The simulator takes as inputs the

shops’ operating characteristics and simulates shop operation through

time. Performance is measured in terms of repair cycle time and the
shops’ capacity. Outputs can’ be used as an aid in determining the re-
source requirements necessary to support repair actions. The Bench Re-

pair Simulator can be "assembled 1o the ‘Availability' and Base Cadre - -
(ABC) Simulator (PLANET: Part I) to examine problems -encompassing .

all base functions: As BR simulates field level support, ABC simulates
the organizational level. Together, the two- models-incorporate nearly
“every facet of maintenance and’ logistics at Air Force biises. 200 pp.
Refs. (See also RM-4659-PR, RM-4950-PR.) ' A '

RM-4661-PR ~ PLANET: Part Ili-Depot Transport
tor. B.-J. Voosen, S. Glaseman. April. 1967. =", L

Computer routines, operating manual, and programmer’s manual-for the

Depot Transportation (DT) Simulator, the third of four simulation pro-
grams constituting the Planned Logistics Analysis and Evaluation Tech-

nique'(PLANET). The DT simulator is designed to simulate the move- -
ment of logistics resources from base to base and from base to depot or,

factory and return. It takes as inpits the various operating characteris-

tics of the transportation. system,’ the expected cargo to: bec moved
through time, and a planned set of transport vehicles. Outputs from the
simulation can be used as an aid in dectermining the quantity of re- . -

sources that can be moved over time and the costs associated -with .the
operation of the system.:155 pp. Refs.:. ' R

- RM-4662-PR
Simulator. B. J.' Voosen, M. H. Buchanan, S: Glaseman. July 1968. "~

The operator’s manual,, programmer’s manual, and computer  routines

for the Depot Repair and Overhaul Simulator (DRO); the final of four *
simulation programs that are ccmponents’ of “the “Planned; Logistics .
Analysis and Evaluation Technique (PLANET)..DRO is designed to7ex- .~
amine the functions normally performed by a depot in converting a'tep- "~ . . -
arabje to a serviceable. The simulator takes as inputs. the depot’s operat- - -

ing characteristics, such as the workshift policies, the expected workload
through time; and a planned set of resources to operate the depot. It

then ‘simulates the depot’s operation through time and :periodically:
© prints’out reports-that reflect the performance of ' the planned set of . re-
sources. under the conditions “specified.. Performance:i§ ~measured  in -

tcrms of reparable. throughput time in relation to"the depot’s capacity.
“The outputs can"be used as an’aid in.détefmining’ the resource require

ments to. support-the depot’s.operation: The.-four simulation. programs " = - .
‘that make'up PLANET can be uséd separately.to examine specific.areas = |+
of: the logistic system, or together. to simulate the complete: weapon sys::
~-tem operation from the site-or. point of demand. through the depot-level.. '
237 pp. Refs! (See also RM-4659-PR, RM-4660-PR; RM-4661-PR,;: "

)

LS
-4950-PR.) -
- ERIC**™™

ation Simula-

PLANET:  Part- IV—Depot Repair .and " Overhaul :
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- 'RM-4833-NIH: .
. **Murphy. January 1966, .- T
.. A report ‘on the modeling of ‘gas €xchange.i . author de-
~rives ‘the dilicrential 'equations..for changes: in’gas concentration- with -
_time in‘the two-compartment-model of. the lung, and’graphs’the solu-.
¢ tions-by-digital simulation: Estimates of the fluctuations in alveolar:gas. : :
. partial préssures and in exhaled: gas,p : give s
.*shown-that the_model simulates cardiogenic: oscillations;in"the- exhaled .~ -
“.gas;curve, It is also:shown ‘that the consequences:of . cyclic. ventilation: .
"~ "and perfusion: of ;the lung, .coupled; with: nonlinearities in:the content- .-
" pressure relationships‘for. blood ‘and. gas, cause some differences between: ..

RM-4663-PR PLANET: Part V—-Reports and Analysis Library.
B. I. Voosen, R. . Young, S. Glaseman, J. Judd. January 1969.

A user’s and programmer’s manual for the 12 programs comprising the
Reports and Analysis Library of PLANET (Planned Logistics Analysis
and Evaluation Technique). a logistics prediction and cstimating tool de-
signed to help the manager of a system to understand its operation and
1o find a rationale for allocating resources cfficiently. PLANET consists
of four computer models that simulate Air Force logistics systems in a
single or multibase environment. Whether the models are used singly or
in various configurations, the output will be a tape listing-of sclected
variables accumulated during the simulation. From this tapc the desired
reports are generated by using the library of programs. The manager
can sclect those programs best suited for analysis of his particular prob-
lem. Although PLANET is programmed in SIMSCRIPT, the user need
not be a skilled programmcr to conduct a simulation. Stepby-step in-
structions are included to permit the manager 1o assemble the data in a
form acceptable to the simulations. Part 1 of the Memorandum contains
a brief description of cach of the reports and the SIMSCRIPT instruc-
tions needed to initialize any of the report programs. Part 2 is the li-
brary of programs, including the initialization requirements, a.program
description oriented to the skilled SIMSCRIPT programmer, and a list-
ing of the SIMSCRIPT SOURCE program. 303 pp. Refs. (See also
RM-4659, RM-4660, RM-4661, RM-4662.) (MW) ‘

RM‘-4716.-NIH' .'Ségme.m‘al Differential Approximation and Biolog-
ical Systems: An Analysis of a Metabolic Process. R. E. Bellman, R. S.
Roth. February 1966. o ‘

- Mathematical formulation of a complex system suggested by a meta-

bolic process: The formulation allows for certain'subgivocesses 1o operate’
over finité time ‘spans, within the time intervals. Central to the mathe-

~matical formulation are the observed experimental data. It is assumed

that some information is available for cach operating subprocess. A

computational method of solution is suggested. 26 pp. Bibliog. -

- RM4782-PR A Computéffs'imulzi;ibh olrf“Adaptivc Routing Tech-

niques for Distributed Communications Systems. B. W. Bo¢hm, R. -Mo-

bley. February 1966. s

Description of ‘a' computer model of a distributed communications sys- -

tem. It is written in .FORTRAN IV and is designed to test various

adaptive' message routing. techniques. The program simulates the pro-
gress- of messages through the system and measures the effects of the

_ routing techniques’ adaptation to specified degrees of, destruction of its-
_links-and nodes. A listing of the program is given;, plus the pitfalls to

avoid in developing similar programs. 44 pp. . .

RM.4816-PR . ‘Neuronal "S'pike " Trains and S{i;ocl:iiiétic_ Point

. Processes. D. H. Perkel, G. L. Gerstein, G. P. Moore. March 1967.

"' The mathematical theory of stochastic point processes in its probabilistic

and statistical aspects is applied to nerveimpulse sequences.-Mathemati-

* cal results are extended and illustrated through the application of statis- -
“tical techniques tothe results ‘of ‘computer. experiments on- simulated
i’nerve cells.. Statistical techniques at several lévels of complexity are used .-
.in"the ‘analysis ‘of - single ‘stationary spike trains. A set of - techniques is
. presented ‘for analyzing two:spike trains simultancously in the presence

‘and abserice of.stimulation. It is shown how 1o test forindependence of. -
" the two cells and-to diagnose; the sources of-dependence when  found. .~
" The effects of trends’in the data on'the computational results are:dis-

‘illustrated. 147 pp:Refs... = ©

'Af‘f@a-Cqmp_anMehi Modelof .t‘lje LungTW

the. lung: The ‘author de-

partial ‘pressures are given, and.it'is

the mean partial ‘pressure of:a-gas in the lung gas:and in the lung blood.




This cffect is demonstrated in both an intuitive and mathcmatical man-
ner, and a computational approuach is described. The magnitude of the
effcct is computed for carbon dioxide and oxygen. 43 pp. Bibliog.

RM-4880-PR Prohlems in the Statistical Analysis of Simulation
Experiments: The Comparison of Mcans and the Length of Samplc
Records. G. S. Fishman. Fcbruary 1966.

A continuation of rescarch into statistical analysis of simulation experi- .

ments containing autocorrelated time series. The Memorandum shows
how to estimatc the lengths of sample records needed to use certain
large samplc resuits in measuring stability, describes analogies between
autocorrelated data and indcpendent obscrvations, and suggests a way
to test the difference of the mean of two experiments. It also shows how

the variance of the samplc mean relates to the spectrum of the gencrat-
" ing process, and describes cstimation of the quantitics of interest. The
results cxpand the possibilitics of statistical spectral analysis as applied
to simulation experiments. 29 pp. (Sce also RM-4393-PR.)

RM-4923-PR A User's Manual for SAMSOM II: The Support

Availability Multi-System Operations Modcl. T. C. Smith, G. D. Brown, "

P. A. Mason. R, Moulenbclt, H. J. Shukiar. November 1967.

A description of the capabilities of SAMSOM II, RAND's operations
“ model- for the simulation of aircraft operations and logistics support
problems. The manual provides information on input requircments,
model logic, and operating instructions; it also-describcs model outputs
and includes a sample simulation to familiarizé the user with model op-
efational dctails. Although designed primarily to: simulate typical Air
Force operations, SAMSOM 11 may be used to examinc the operational
capabilities of other organizations or combinations of aircraft and logis-
tics support elements. The model also simulates operations for onc or
morc Weapon systems at one or more bascs involving multiple rcsource
allocations  and operational requirements. SAMSOM II -should - prove
uscful to analysts and managers responsiblc for monitoring weapon sys-
tem dcvelopments, estimating operations capabilities, and determining
'logistics support requirements.. 287 pp. Bibliog. ST

RM-4939-PR ' Statistical Techniques for Detectirig and Classifying
Ncuronal Interactions. D. H. Perkel. Junc 1966. - B

An cxamination of mathematical techniques for comparing two simulta-
ncously recorded neuronal spike trains and a presentation of a computer
simulation using these techniques. 39 pp. Bibliog. L

RM-4945-PR  An Interdiction Model of Highway Transportation.
E. P. Durbin. May 1966. - B . i R

Description of a computer program to cvaluatc the capability of trans-

portation networks to deliver supplies, as road segments. or arcs of 'the

network are ‘successively destroyed ‘and repaired. The program, written °

in FORTRAN 1V, can be adapted for any of several large-scalc.com-
puters. Required inputs are a descriptionof the considered transporta-

tion road system and the cargo-carrying vehicles using.it. The program :

furnishes a profile of maximum cargo flow as a function of thc number
of vehicles available to the-system, then destroys the link in.the network

that reduces cargo flow rate most severely. These steps are repeated until - -
. nctwork flow is.stopped or predesignated links destroycd: The program -

then steps to the next period, restores service to all previously destroyed

links now .repaired,-and repeats the process. of ‘profile, generation and "’ '
link removal. The program, will accept a network. up 10-1000 'links. 34 -

PR

RM-4950-PR = PLA}
tion Technique. B. J. Voosen. January 1967, .-

" A description of ‘the’ P‘I;ANET?;moaél;‘_‘whi_t:h'is‘:'a“jbse'rievs" of four com='
- putcr simulation progrars designed to examine the-hardwarcconfigura- "~ * -
tion/operations/logistics-support” intéractions' of - a- variety “of ~weapon "~ C

systems in a.single-base or multi-base environment. The author conciscly

- describes the four simulators’ and the twelve output programs contained

ET: Planned ‘Logistics Analysis and’ Evalua-: - RM:3L39. PR S

~the. sensitivity of .t

RM-4962-PR The Classical Structure of Blood Biochemistry-A
Mathematical Model, E. C. Deland. July 1966.

A mathcmatical simulation of human hlood biochcmistry that includes
the results of a detailed chemical analysis of human blood under a vari-
cty of chemical stresses. Mathematical simulations of increasing degrees
of complexity arc devcloped. A rudimentary blood model assumes the
conventional roles of the fixed proteins, the ncutral clectrostatic charge
constraints. and the active cation pump as the major characteristics of
hemostatic blood. The microscopic propertics of the proteins, particu-
larly their buffering behavior. arc incorporated ‘into the modcl by a
mathcmatical procedurc that assumes that the serum albumin and the
various globulins represent all of the important buffering power of the
plasma fraction. A modcl of the respiratory biochcmistry of the blood,
embodying the results of the previous biochemical structural detail, is
tested under various conditions. Properties of the mathematical modcl,
such as gas cxchange. buffering, and responsc to chemical stress in the
steady state, arc practically indistinguishable from thosc propertics of
real blood within the limits of the prescnt validation program. 135 pp.
Refs.

RM-5005-NASA Report on a Demonstration Test of Computer-
Assisted Countdown. S. M. Drezner, O. T: Gatto. T. D. Wisniewski.
March 1966. :

An investigation of the interaction betwcen man and computer in a
countdown cnvironment. Possible bencfits and problems of -extending’
computer control are also explorcd. The demonstration "test examincs,
countdown from the executivccontrol level. i.c, launch director, test su-
pervisor, or launch-vehicle test conductor. Tests and operations appear
as in a normal countdown script. Major. hardwarc test components con-
sist of the computer and the Rand Tabict. a man/machine graphical
communication devicc. Using thc Rand graphic system, the executive
can experiment. intcrrogatc, predict, issue commands, -and reccive rc-
sponscs on:a cathode. ray tube display from the central processing unit.
Outputs presented include information dcaling with time, script. status,
and operational and engineering data. Thc test introduces an innovation

. that cnables the cxecutive to act on-line with a’simulation of .the count-

down: he can make changes to the'script or to‘the simulation. 38 pp.

RM-5110-NASA" * ° A Numcrical Gehera] Circulation Eﬁ(perimcnt
for the Atmosphere of Mars. C: B. Leovy. Y. Mintz. December 1966.

" A numerical cxperiment for simulating the genefal circulation of the at-

mospherc of Mars is described and preliminary results from an initial
experiment are:given. The cxperimental conditions correspond to theé’
Northern Hemisphere winter solstice on a planet, in the orbit of Mars,

~having an atmosphere. composed entircly of CO and an initial surface

pressurc ‘of 5 milibars. Important features indicated by the model are
development of ‘a fluctuating wave regime in the winter hemispherc, a

large amplitude diurnal tide. and condensation of CO to form a winter

“'polar; ice ¢ap. The preliminary character of this cxperiment is stressed
.. and some futurc improvements are proposed. 51 pp. Refs. - e

‘RM‘-5'1;2'9-PR - -»Program’fning 'by;'Qués;tipnhaire: How to Construct .

a Program Gencrator. P. M. Oldfather, A’ S. Ginsberg. H. M. Markow-

itz Noyem_bq 1966.

Arefercnce, manual for the Programming by Questionnaire ‘techhique,
“presenicd in sufficicrit detail to cnable ‘a programmer to construct a pro-

“gram generator. Familiarity with the content. of RM-4460-PR would be

helpful.to the uscr. and a knowledge of SIMSCRIPT is mandatory: The

‘forms, use, and operation of the four. components of the progtam gen- -

Editor program listing arc included as appendixcs. 153 pp.

phﬁcd Model of Aircraft Sortic Generation

- Capability, E. V.- Denardo. February 1967.

"An analysis of thc stcady-statc-performance of an aireral t subjected toa *
~‘maximum ‘daytime flying effort. undcr the condition: of unlimited ‘main-"
 tenance resourécs: The uses of: the model are discussed. and the. results’
- of ‘s6me 200 computer runs are described: Onc group of runs measures .

he performance of the aircraft to the. description of

- “he maintenance; function.’Another group measures.the sortie ‘generation -

r>. described in_ detail.” A summary of - technical  details and a -

Q Reports and ‘Analysis Library of ‘the model and discusses
_ E MC fes and !imitat_ionS‘Of'the'PLANE’I’},‘Cémple’x.Aﬁi PP

theca-. - .. capability as a function of the length of the flying day, the length of .the - L
c ' flight,’and the mean turnaround time. 49 pp. =~ L

s




RM-5153-ARPA Hardware Aids for Automata Design. N. B.

‘Reilly. December 1966.

A description of the hybrid computing hardware of a system designed
to provide basic building blocks from which large ncural networks can
be constructed. The relationship of these building blocks to automata
theory is discussed. and their possible uscfulness in the construction of
neural nets is cxamined. A simple network, containing at least onc rep-
resentative of cach of five basic types of circuits, is constructed and the
logical properties of the building blocks arc described. An appendix
gives detailed descriptions of the required circuitry and control func-
tions. 39 pp. Refs.

RM-5162-PR Programming by Questionnaire: The Job Shop
Simulation Program Generator. P. M. Oldfather, A. S. Ginsberg, P. L.
Love. H. M. Markowitz. July 1967.

A description of the Job Shop Simulation Program Generator, an appli-
cation of the Programming by Questionnaire technique developed at
RAND to reduce the cost and time required to produce large computer
programs, particularly those required for simulations of portions of the
Air Force logistics system. The user can obtain a computer program by
filling .out a multipie-choice questionnaire covering aspects of the job
shop he wishcs to simulate. Answers are punched on seven cards that

are fed 1o the program generator, which checks the answers for consist-

ency, generates the program, and produces the data specifications. The
uscr then completes the data deck according to the specifications, adds it
to the end of the program deck, and submits the entire program to the
computer. The output consists of interim reports on resource utilization,
job statistics, and queuc statistics, and a final summary report. The func-
tions of the various routines and the meaning of the: variables in the
SIMSCRIPT definition deck arc given for the use of SIMSCRIPT pro-
grammers. 115 pp. Refs. . N
RM-5183-PR The Application of On-Linc Graphical Techniques
for' Programming and Operating a Moving Network Monitoring Dis-
play. L. Chesler, R. Turn. January 1967. S :

Describes the structure and operating procedurés of experimental com-
puter programs used to simulate a real-time moving network display of
spacecraft checkout operations. Proposed in RM-4678-NASA for use by
the human monitor of an automated prelaunch checkout, the system dy-.
namically shows, in network form, the suceessive and concurrent stages
of a complex process. The programs were written in MAP for the IBM
:7040/7044 computer system to be used with the RAND Graphic Input
Tablet and a cathode ray tube display scieen. The Tablet is:used for on-
line construction of the initial network and for operation of. the. simula-
tion programs. (A complete program listing is available on rcquest.) 98
pp. (Sce also RM-4122-ARPA.) -~ ST

RM-5235-PR A Programmer's Guide to SAMSOM 1L G. D..

Brown, R. Moulenbelt, H. J. Shukiar. November 1967.

A technical ‘manual for progrémmers_ con,ccrbgd)'wi'tl-l ,n"l‘odil_'ying or
adapting programs’ of SAMSOM II. RAND’s Support Availability -

Multi-System. Operations Maqdel, to -a’ particular.computer- installation:

The guide is divided into four major sections, onc for each of the three

programs - that comprise :SAMSOM II<INPUT, EXECUTION.' and

OUTPUT-and a fourth section dealing with problems:common to the:

three programs. The-analysis covers output program logic, subprograms

and general flow, program conversion, and debugging procedures. 212

RM-5244-PR
the Respiratory Control System. F. S. Grodins, J. Buell;;'A.:

March 1967.

A numerical‘s'inivul_ation of .the __lung-blbddbfain'-tiS'Si_ie;~gés"

exchange system.

Other equations define the: chémical-details: of transport,and .acidbase

buffering, concentration equilibrid, and blood flow behavior.' A’ control® : .7
_function ‘is given defining the dépendence Of ‘ventilation' on hydrogen ' "'
C.T ~oncentration:in the cerebrospinal fluid and oxygen contént at the " .
E mc«id' chemoceptors.. A -500statement FORTRAN program. simulates -

Aruitoxt provided by Eic:

‘Mathematical Analysis and Digital .Simulation_of - .
1 Ban

nsport.and. .
The basic material balance relationships:dre cxpressed . -
in 4 set of differential-difference’equations containing a niimber, of:de--. -
pendcat- time delays based on blood flow rate and vascular capacity. -
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the responses of fhe §ystem to a varicty of forcings. including carbon di-
oxide inhalation, hypoxia at sca level. altitude hypoxia, and metabolic
disturbances in acid-base halancc. Both dynamic and steady-state be-
havior were reasonably realistic. About onc minute machine time on a
CDC 3400 computer was required for cvery four minutes of simulation.
To the authors® knowledge, this is the first digital solution of a sct of
differentialdifference cquations' whose time dclays are themselves depen-
dent variablcs. 56 pp. Refs. (Sce also RM-4962-PR, RM-4990-NIH.)

RM-5262-PR A Mathematical Modcl of Placental Oxygen Trans-
fer. T. H. Kirschbaum, N. Z. Shapiro. August 1969

A mathematical mode! of placcntal oxygen transfer is used to argue that
the experimentally obscrved control of fetal oxygen concentration in fe-

" tal lambs can be explained by thc nature of oxyhemoglobin dissociation

functions and the differences bctween these functions in fetal and- ma-
ternal blood. It is not essential tc the cxplanation to posit any mecha-
nisms responding to a p02 sensor or any changes in fctal, maternal, or
placental vascular structures. Equally unnicessary are assumed altera-
tions in the physical or chemical structure of placental membrancs. 53
pp. Refs. (Authors) : ’

RM-5272-PR A Mathematical Model for Post-Irradiation Hema-
topoietic Recovery. J. P. OKunewick, A. L. Kretchmar. July 1967.

A mathematical model- of the recovery after irradiatibn of thc system
prociucing blood cells in the body. The model is based on the hypothesis
that hematopoietic stem. cells, which are unable to jeproduce as stem

"cells following irradiation, may.still retain. an ability to differentiate. The

model demonstrates both an abortive recovery rise and a true recovery
rise following irradiation. As:a first approximation, the model shows ro
irreconcilable differences from cxperimental data and generally -repre-
sents.the phenomena observed in the recovery of erythropoiesis follow-
ing acute irradiation. In addition, certain:postulates basic to blood-cel} .
development are derived. 42 pp. Refs.

RM-5288-1-PR' "~ . Digital Computer Simulation: The Allocation of
Computer Time in Comparing Simulation Experiments. G. S. Fishman. -

~ October 1967.. .

An improved step-by-step procedure for minimizing the computer time
nceded to obtain a specified ‘statistical precision in the comparison. of
simulation experiments. The simulations arc considered as covariance

stationary stochastic proccsses, as.cxplained in RM-4393-PR.. Well-

known timesaving methods for reducing variance by inducing positive
correlations between the experiments and high negative correlations be- .
tween replications are included in- the, procedure. Results show that for.a’
given level of -accuracy. significantly iess computer time is required when

. sample sizes are determined by.the method suggested in this study than

when they are cqual. Also, small differences in the autocorrelation fune-
tions .are_important .when-cach process is highly correlated: The sug-

- -gested two-stage procedurc provides ‘initial estimates:for determining
sample sizes and final cstimates: for testing hypotheses. Graphical analy-
:sis suggests that the efficient .allocation is.not very sensitive, to small er--
. rors in the cstimiates of :population parameters. 32 pp. Refs.

RM5294.PR As‘p'écts‘:of‘.é"Coinputa‘tidnal"Model for Long-Pe-
~'riod Water-Wave Propagation. J:J. Leendertse. May 1967 .

- Derivation of a _cohfipﬁter,mo'del’for simulating the propagation of l6ng-

period waves.in relatively shallow water with complex boundaries, -such-’

"% " as in bays and éstuarics, and along coastlines, and extensive experimen-

tal_ comparisons of ‘simulated-with real' wave histories in Tokyo Bay, a

. Rhine estuary, and the southern-North Sca: The numerical techniques :
" apply to'the propagation of water waves, such as tides, 'surges, seiches,
©.'tsunamis, and explosion-generated waves some distance from:the explo- .-
. sion”in shallow water,’ Computation is based on'a néw method- of nu-
“merical integration’of the hydrodynamic equations; taking, into account -

értical motion ‘and'the effects of earth:rotation’'and ocean_ floor topog--

* raphy. ! Two :différent ‘sets” of ' approximations "to the partial-differential -
. equations are used'successively-for.the step-by-siep solution aver time. A
 fast, ‘realistic,. and unconditionally stable” computation:can be made by ..

the*multiope

‘ tion ‘method; A computer-driven’ $:C: 4020 microfilm re- -
corder’ was |

ed ‘to:plot 'tvhé;‘wqurferi_t's"a_'nd..-.watcf‘le\?éls.f ‘A-guideto the



Aruitoxt provided by Eic:

FORTRAN 1V wave program enables the program to be uscd by hy-
draulic cngincers without knowledge of programming. !nformation for
making changes in the procedure is also given. 179 pp. Rels.

' RM.5370-PR Priority Dispatching and Asscmbly Operations in a
Job Shop. W. L. Maxwell. October 1969.

An cxperimental investigation ol priority dispatching in a job shop
whose output feeds into an assembly shop. Procedures are investigated
" for meshing the jobs of a product by cither (1) having jobs -progress at
the same ratc based on information about the number of operations re-
maining, or (2) having jobs completed by some duc date. Two-level pri-
ority procedures are presented that group jobs by how critically their
completion affccts the assembly of their product, and then usc a
shortestprocessing-time (SPT) method within these major groupings.
Statistics arc collected that indicate where congestion occurs and help in
deriving somc of the priority rules. It is found that betier overall per:
formance is achicved by combining the SPT rule with product-oricnted
< rules. Arcas fo:/future research include both proccdures (e.g., the usc of

SPT in the job shop) and the assembly environment. 35 pp. Refs. (CC)

RM-5376-PR " A Mathematical Model of the Chemical Distribu-
tion in a Discase Statc: Hypothyroidism. M. B. Wolf, E..C. DeLand, J.
V. Maloney. June 1969. e h

Models of fluid and clcctrolytcv‘distribqtic,\.n‘-iri a standard (euthyrcid)
dog and a hypothyroid dog. The mecdel of the ‘cuthyroid dog was al-
tered by 2dding a new fluid compartment, Colloid, to conform to a hy-
pothesis of body chienistry changes in hypothyroid’animals-as deter-
mined from the literziure. Both euthyroid and hypothyroid laboratory
_dogs reccived .injections of acid solution to provide chemical data for
- comparing ¢hemical distribution and for validating the models simulat-
ing these states. The results proved. statistically that hypothyroid dogs
respond differently from normal ones to acid infusion. However, the hy-
pothyroid ‘model did- not predict these experimental results well. Al-
though laboratory technological problems accounted for many of these
* discrepancics, ‘additional experiments and other chemical perturbations

are nccessary to test the, biochemical hypotheses formulated in -this

* study. 72 pp. Refs. (MJP) - v .

RM-5378-PR
P. J. Kiviat. August 1967. :

A discussion of the basic concepts of the techniques of digital compt’lte.r‘-.

simulation: the study provides a rationale for simulation, discusses-ihe
design and construction of .simulation. models, and relates simuiation as
a technique to current problems in simulation technology.”Simulation is
defined as the use of a numerical model to study the behavior.of a sys-
tem ‘as it operates over time. Emphasis (is on models that are.imple-
mented on digital computers.—that is, models that operate by advancing
a system through time in discrete ‘sieps rathcr than continuously, as is
donc with analog computers: Because it is an experimental numerical

technique, simulation is tisually more expensive than analytic solutions; -

nevertheless, it is widely used. for complex problems that’ cannot.‘be

solved analyticaily, such’as those encountcred in engincering and man-

agement siudies. Even certain structurally simple analytical models must
be simulated because their statistical propertics do not admit'analytic so-
fution. Simple models are broad in scope and contain few assumptions;
complex, highly structured models: are narrow’ in scope and contain
many assumptions. Before a simulation model is designed, it is impor-
tant to determine ‘what use will be madc of it and what are the require-

ments of accuracy and precision. A’ model should only be as detailed as:

is_necessary to answei-the questions at hand. 63 pp..Refs.

RM_-ST‘379-1-N‘ASA- Trénsioné)épﬁéfic',‘ifpépéga{ién,Tot; FM ’-.Si’gr_l.fa‘l‘s.‘

- E. Bedrosian. August 1967.

An aralysis of the intermodulation, ‘or. distortion, . experienced-

Digital Computer Sim\llation:_Mbdeling Concepts.

oy a-:
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wide-t:and frequency-modulated signal as it is transmitted ‘vthvi'o‘ugh the

carth's. ionosphere between'a satellite and a terrestrial ‘statior

. The iono-

sphere 'is modeled as a generalized linear filter, and-a‘spectzal analysis of - :

the demoduiated: signal .is performed :assuming a.gaussian:modulating

waveform. Formulas are_obtained: for.the . outpvt 'signal-to-distortion.”
and signal:tocross-talk. ratios. ‘Two cases of cvzrent intercst are exam-'
: or link -

]: \l)‘ Caumericl:ally. The first typifies. a_high-capacity communicati

“" tory-experimen

" Program, E. C. DeLand. December 1967, L
““7A détailed report.on the structure and use of: CHEMIST, a RAND com-

puter- program ‘designed:: to simulate :complexchemical ‘equilibria. The -

2 response 'to a growing ‘demand: for.a reference - .

" study’ was.conipiled 2rence
m, ' CHEMIST is a pro- -

of the Intelsat varicty, and it is seen that significant degradation can oc-
cur only under the most unusual circumstances. The second considcrs a
wide-band TV transmission ncar the upper end of the UHF TV band;
in this casc. ratios of about 20 db result. It is difficult to judge how ob-
jectionable such distortion would he to viewers becausc it differs spec-
trally from the snow produced on conventional TV by thermal noisc

~and displays a strong correlation with the signal. Color transmission

could suffer synchronizing errors. 50 pp. Refs.

RM-5387-PR Digital Computer Simulziion: Statistical Considera-
tions. G. S. Fishman, P. J. Kiviat. November 1967.

A discussion of the statisticai problems that arise in computcr simulation
cxperiments. Three problcm areas inherent in all stochastic system simu-
lation models arc.giscussed: verification, which determincs whcther. a
model actually brhaves as an experimenter assumes it- does; validation,
which tests whether the model reasonably approximatcs a rcal system;
and problem analysis, which seeks to ensure proper exceution of a simu-
‘ lation and proper hapdling of its results. The study traces thc clements
of .z simulation experiment from initial ~onception to analysis of final

results, defining the statistical problems th.:t arisc at cach step and rclat-,

ing them- to the formal body of statisticai *heory. Since the aim is to
promote awarencss of problems, not to solvu them, the study offers no
general solutions but provides rcfercnces germanc to the statistical prob-
fems described. 41 pp. Refs. (Sce also RM-5288-1-PR, RM-5378-PR.) .

RM.5392-PR

An examination of the propusition that certain physicochemical proper-
ties of biological fluids contribute to maintaining the steady-state con-
centration gradients that occur in physiological systems: Simple clectro~
static solution theory is ‘used: to demonstrate . that differences In 1onic
strength and dielectric constants of fluids ‘separated by simple mem-
brancs can produce large concentration gradicnts for uncharged organic
_substances between-the fluids..The magnitude of the gradients, and

whether they are greater or less than one, depends an the electrostatic.

characteristics of the fluids and on the size and sifns of the dielectric in-

crément of the substances. Hormones are among the most potent chemi-

cals that affect -the distribution .of substances between body compart-.

ments.” With ‘antidiurctic ‘hormone as-an example, computations are
made that show that this hormone can alter the dielectric- constant of
plasma so as to change the activity of water from that of diuretic urine
10 that of concentrated urinc in the-hydropenic static. This protein-inter-
activé, bulk fluid mode of hormonal influencs is suggested as a basis for
cxplaining ‘certain presently unexplained hormonal actions and interac-
tions: 63 pp. Refs. (LK) o

RM-5396-PR Uniquc'Malhcmatical Models of Individual Blood..

E.C. DcLand. E. Magpier, J. V. Maloncy. May 1970.

‘Investigates’ mathematical, computer-based” methods of simulating the

‘blood composition ¢f individual clinical patients. Earlier studies- devel-

. 'Qpé_d‘pr'OCCdurésbfo'r constructing models of -the respiratory function and

acid-base biochemistry of siatistically \normal human blood. This memo-
randum extends these procedures and shows that, with sufficient lzbora-
tory data, such a, model can be derived for individual patients,‘and con-
jectures ‘that 'the”blood’s chemical’ paitern” may- indicate the  patient’s

‘physical condition. Such models:may be useful for clinical and experi-

mental fiuid therapy. The’ models described simulate the steadystate dis-
tribution of chemical species”(particularly proteins; elcctrolytes, and wa-
- tex) between the plasma-and‘red blood cells at-onc instant, but.not the

.. Kinetics or time-dependent states of such sysicms. In 30 separate labora-
énts,’a model of: individual ‘blood was tested ‘against -real

blood . 2in- vitro. under vatious chemical stresses. Results indicate satis-
. factory. IR

agreement. 108 pp. Ref. Bibliog: (LC) o

B}

“manual to accompany-and document 'the progra
;ram- for use By ‘professionals: not trained 1n.

mputer .programming.

Speculations on Physicochemical Fluid Properties in
Physiological Regulation. J. C. DeHaven, N..Z. Shapiro. October 1968. .

“hemical - Equilibrium
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Communication with the program is in English. chemical. und FOR- ‘ two separate attacks, with roles reversed for the second run. Written in
TRAN languages. The computer code currently exists in FORTRAN IV FORTRAN [V."TAFCOM consisis of- 84 programs and subprograms
- for the 1BM 7044. In its present form it occupics approximately 25.000 arranged in 10 chained links in order of exccution; data required by all
words for the principal part. Additional specialized subroutines not cs- links are calculated once and kept in core. TAFCOM has been converted
sential to the operation can increasc space requirements. The program for IBM 7094 and 360 computers and the CDC 3600, and is currently
uses an itcrative mathematical programming technique to determine the » in use at the SHAPE Technical Centre. I09 pp- (MW)
composition that minimizes the total free encrgy of a chemical system, - B
subject to system constraints. A detailed program description with exam- o RM.5540-FR Digital Computcr Simulation: lnput Output Analy-
ples is given, along with the program subroutines. The Refurences and : sis. G. . Fishman. Fcbruary 1968.
Selected: Biblingraphy comprisc as complete a listing of the litcrature as “ Proced for d Co .. o
is currently possible. This manual will be updated as the’ CHEMIST pro- ) -rocedures for determining the result ol a change in 1nputs o a system
gram cvolves fulthcr 143 pp. Refs. Blbllog ‘ ‘ simulation. The study discusses the reliability of an experimental result
and describes mcthods of estimating it. The method recommended uses
Specifications for & New Jacobian Package for the . al s(';nglle replllcatﬁonl and makcs’lulsc‘ of the covarmr;ocbsltauonfamy pl }hc
gibrium Program. . Shapley L. Culler. 1. C.De- -~ i NG S Ee E’foésdmlisi%'"E:‘l“é‘.fé;ﬁ&?lg‘ cperiments, it 1
Haven, N. Z. ,Shaprro January 1968. suggested that: reliability based on equal ratios is often preferable. A
This study describes “and gives instructions  for usmg a new and im- procedure for graphical an1lysrs is presented, including a list of “trans-
proved Jacobian package consisting ‘of a -group of subrowtines for ~ formations- of the dependent variable that help to’reveal the correct
RAND?'s chemical equilibrium program. This new package, which has-a  form of the relationship between input and output The gencralized
much greater scope than the carlier ve. ion. computes Jacobian-matrices least-squarcs mcthod for cstimating the paramcters of the identified-
consisting of partial dcrivatives of certusn quantitics in the solution of a . form takes into consideration the varying rcliabilitics of the different re-
model (dependent variables) with respeet to certain parameters in the o sults and leads to more efficient estimates than those obtained by the
model (independent variables). With the use of ‘these derivatives, it is » unwclghtcd lcast-squares mcthod. A procedurc is given for predicting
possible to predict how a change in a modcl paramcter can affect -the the computer time needed for a given input and ‘a specified rclrabrlrty
mode! solution. In many cases the user can obtain 2 .good approximation 32 pp Refs (Sce also RM 4393-PR, RM4880 PR, RM 5288 1- PR)
“for how much effect a certain type of change will have without resolv- -
ing the problem. The derivatives might be used, for cxamplc to-sce how" - RM 5544 PR. The Logrsucs Cornposne Model: An Overall View.
much the pH of a- .model mlght changc with an increasc.in the pressurc . R..R. Fisher, W. W Drake I: J Dclf.rusac A 1 Clark A L. Buchanan
of carbon dioxide, ot with an increase in the-amount of sodium hydrox-v - May.1968. - :
ide. 55 pp- . . A descrlptlon of the Logistics Composrtc Modcl (L COM) a computer
RM-5451-PR - = Acid-Base Metabolism and the Proton Condmnn .. model developed to simulale. the “overall ‘operations* and support func-
C.D. Russell December 1967. - ' . ; ~ - - tions'at an Air Force base. L-COM consists -of three main programs:.a
' - ; preprocessor, ‘a - simulation pronram, ard. a, postprocessor The model .
Application of the proton condmon of morgamc chemrstry to- the prob- - N replrcates the flying. of aircraft; accomplrshment of servicing tasks; in-
lem of descnbmg the net acid content in a blologlcal system. A:proton © - currence of malfunctrons flight-ling maintenance; repair of components :
contert is defined that’ expresses the net acid content-in terms of the'de- .. - . <in base rcpair shops; ‘the utilization and interaction of resources. in the
tailed chemical composition of the system. This approach is-compared© -~ ' demand process;:and. the: changes in" resource availability accordmg to
- with previous approaches to the’ quantitative descrrptlon of acid-base’ -~ ' -shift policics. L-COM has two unique:features: (1)-a task.network that
“metabolism and is then; applied to. the interpretaiion of experimental’ describes- basc processes to be simulated by identifying particular tasks
metabolic: balances. The principal advantage of the mathematical. for- ~~ " . . and'the:sequence for, accomplishing them; and.(2) embedded decision
malism’ described in this study is that its use pinpoints the assumptions - . _routines‘that help.determine a best mix of resources to support-a pre- -
and makes it possible 1o handle unusual cases srmply by 1nclud1ng terms " scribed- flying program. The model requircs a computer with'an ‘intenal -
that are normally neglected 53 pp- ‘Refs.- o PO " 'memory of at least 65.000 words of 36-bit length or equrvalent A typi- -
‘ N : : cal problem rcquircs from 1 1/2:to 2 minutes of computer time ‘to simu-
RM-5517-1SA A Model for Slmulatmg Underway chlemshmcnt ‘ - Jlate a: day's worthof  basc. operations. involving: 1500 tasks. Since
Ship Operations. T. W. Srkes January 1968. R . 'L-COMis written .in 'SIMSCRIPT. almost any computer of suFﬁclent_'

A listing and. descrrptxon of the FORTRAN lV srmulatlon program for AS!ZC may be used: 114 Pp:

resupply at sea. This model was the principal analytical tool used in pie- = - -
paring RM-5155-ISA. Each simulation run accommodates as many ‘as .* - RM 5553. NSF
32 cases wherein the activities of up to 20 carrier task, groups: (CTGS) o

Numcrlcal Modclmg of Condcnsatlon L R Koe—
nig. Augustl968 B ; , _ -

‘»-w.u -

are examined for 90 days. The CTGs are resupplied. with oil or ammu- . " Molecular. dlﬁ‘usron causmg mass “transfer to and from: cloud droplets is
nition by. underway replenishment (unrep) ships cychng between. basc R --ﬂmodelcd by two systems. of equations. Prédictions™of growth behavior
.-and up to eight unrep locations. The task: groups operate according;toan ' made’iby the two: systems . arcicompared  with: one another ‘and- with .
input schedule that is always met, and the program- determines the num- “other. formulations in. the literaturc. using: Euler,’ Adams-Moulton, and
ber of loglstlcs shlps needed to. meet requlrements Daily printouts. Tec- . Runge-Kutta mtegratron proccdurcs The effects of various. reﬁnements?"
“ord- the. location, activity, receipts or issues, and:inventory of  cach' task i "rsich;as corrections-to diffusion’ and: conductrvny coefficients;- ar*"exam-
group’ and each unrep ship, and at the end- of the 90-day: srmulatlon_ . ined.:Ti is"concluded- that the- srmpler model integrated’ by:the” Euler
runs a'final summary printout is made. Unlike most’ computcr simula-~ . :method. and.. awithou rcﬁnements is adcquate for most meteorologlcal_:¢ ;
* tions, ‘this model-has no. built-in stochastic features;” input data decks. .~ . _",purposes 53:pp ‘-Refs T O 2

can be.randomized, if ‘desired. The.main routine -and. nine, subrouunes'
‘have extensrve mternal documentauon and commentary 79 pp- :

""RM 5564 NRL A Method of Objectlve (‘ontour Constructlon F :
W, Murray Febru 0y, 1968.. - - ,

o A method for automatrcall /: constructing, graphical | contours of large L
-numbera of data ﬁelds, .such as: those produced by many numerical mod- .

Rl'v‘l 5519-1-PR - . Theaterwrde I‘actlcal Fxghter Comba Operauonsi,'; R
Model (TAFCOM) A Program Descrlpuon G Brown, C Huber
November 1969. P ‘

‘An updated programmers manual for the: TAFCO_ mmulauo’n de-’
scribed in- RM-4868. TAFCOM  simulates large scale air, attack;:it .can’;
* 'handle-thousands of air-craft with-hundreds of bombers attackmg tens: =",
of targets and penetrating through upto, 20-air défense’ systems-of vary-:
ing effectiveness. TAFCOMassigns sorties to targets, selects: -and'records:
the ordnance, computes in detail the: attrition by SAMs,*AA; ‘and inter
l: ltc ors and the target damage 1nﬂ1cted Each srmulated da /'

Aruntext provided by enc [I8

i most convemently analyzed
* ables on a grid representing’ tw

‘_drawmg contours;of. the dependent vari-
mdependen_t varlables Qu1te acccptable Ve

- els: used:in’ meteorology.and othcr branches of .geophysics, The' data are



grid squarc, and (3) instructs the graphical-output deviee to connect
these points by straight lines. The program computes raster numbers for
the two coordinates of each cndpoint of cach scgment: there arc a total
of 41 possible conditions. cach requiring its own method of computa-
tion. The output is not drawn directly on paper but appcars on the cath-
ode ray tube display screen, where it can be photographed. A flowchart
of the program logic and samples of the cutput are included. 32 pp.

RM-5582-ESSA An Annotated Bibliography of Dynamic Cloud
Modcling. F. W. Murray. March 1968.

A sclective bibliography, with informative abstracts of pape:s rclated to
the numecrical simulation of cloud dynamics, including significant works
from the Russian and Chincse. Somc representative works have been in-
cluded that modcl clouds as idealized bubbles or plumes. Howevcr, the
cmphasis is on modcls involving the solution of hydrodynamic and ther-
modynamic equations by numerical ‘methods using a digital computer.
Cloud microphysics, laboratory studics of convection, and field obscrva-

tions are in general excludcd. Several works are listed primarily for their .

historical interest, including those that introduce the basic thermody-
namic equations of water in clouds, the term pscudo-adiabatic, the par-

pp-

RM-5582/1-ESSA ©  An Annotaicd Bibliography of Dynamic
Cloud Modeling: Supplement. F. W. Murray. November 1968.

A bibliography of material dealing with numérical cloud models, experif

ments, and methodology. It covers the period frem March to November
1968 and contains twenty-four entries, Some Russian-language publica-

tions are ‘included. This Memorandum is a.supplement to RM-5582-
ESSA - 12pp.(KB) .. * e ; 5 v

RM-5598-RC: A Simulation S_tudy of : Coincidcnce lec'te'ction1 in
the D;ndrites_ of a Sin_gle_,Nervc Cell. R.J. MacGregor. December 1969.

Results of simulations indicating the ability of a typical nerve cell to dis-
criminate between coincident pulses as:compared Wwith' two pulses: a

short timeinterval apart. The simulations are performed with a model

for neuroelectric coding processes‘in a single ccll, which includes a rep-
resentation of -dendritic ;geometry. For; this modcl: (a) the_probability
that an output spike will be associated i time with a coupled pair of in-
put pulses originating ‘at dendritic synapscs is greater. when the:time in-
terval betwéen the pulses is 0.than when it is 2 msec; (b) both the actual

“ values of probabilities -and their differences -are generally larger” for:
smooth than for irregular background activity; and (c) the difference s’

greater the closer together the two synapses. 48 pp. Ref. (Author)
RM-5691.PR Prerequisites for Chemical Thérr.nOdy:r_mr'nichdels
of Living Systems. J. C. DeHaven. Novembcr 1968, - Lo

A discussion of the mathematical techniques_and physicochemical con-

cepts involved in the construction of cértain: types of - biological models,

for use in computer simulation. The basic tools employed are'a mathe-

matical method and a computer program to calculate the composition of .

multiphased chemical systems, given the values of certaincombinations
of state-determining parameters- (cheniical inputs, - tcmperaturc.: pres-

sure). ‘A steady-state approach ‘is used because the, scientific ‘basis ‘of - -
thermodynamics is better developed than_ that of-kinetics, the mathe- -
matical treatrient is easier, and; many biological systems are_either in or ... .
closely ‘approach steady- states in-their chemical composition. Selection = -

of -a physiological function or subsystem to be investigated.depends’ on
3)

~ (1) the availability of technological tools; -(2)" established . dat:

whether-it is conveniently factorable:from a larger systcm so that it'can '
~-be studied: over a range of conditions when‘removed from:its.normal . -
environment; (4).no feedback effects: as'a result‘of changes’in’the sub-:

system. An. illustrative ‘' model -of. respiratory - gases ‘interacting - it

aqueous phase is constructed. 137 pp. Refs: (EB) .-

- RM.5722.PR " A Flight Planning Model for’the: Military, Airlift "

- -Command. J. L:Midler, R. D. Wollmer; October 1968:

’ Afl"anzilyrtic‘_'app‘r!sach'-i_b:M_iﬁl'it_ary’A_ lift. Commiand (MAC) flight :
* - uling that takes account of: the uncertainty present in‘cargo requirements

- or dernands_confronting MAC. The. approach consists ‘of: two’ related
“ . models: (1) a monthly, planning model that produces an'initial schedule
E ltc (2) a daily model for making periodic changes'in ‘the schedule.. The

PAruntext provided oy enic I

cel and s}ice methods of analysis, and the concept of entrainment. 40
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monthly modcl determines the number of flights—channel and special
assignment airlift—for cach type of aircraft-in thc MAC fleet. In the
daily model. the principal variables are the numbcr of aircraft of cach
type to switch from one routc to asother and the number of commereial
flights on spot contract to-add or the currcnt day. A detailed mathcmat-
ical description of each model and its physical interpretation is given. 36
pp. Refs. (LK) .

RM.5759.PR  TACTICS: A Three-Body, Three-Dimensional In-
tercept’ Simulation Program. J. H. Hutcheson, R. Scgerblom. October
1969. o

TACTICS is a computer .program writtcn in ‘FORTRAN IV which
" mathcmatically simulzies the dynamics of flight in thrce-dimensional
spacc of as many as threc vehicles simultaneously. The purposc of the
Memorandum is to acquaint users with the capabilitics and basic theory
of the program and to serve as a reference manual for:those:who wish
to use the program. The first part of the Memorandum describes the.
theory of operation and is oriented  toward those with a mathematical
or technical background. The second. part is concerned with how to use
the program, i.e., how to provide input data, select options, and develop
a flight program. A number of illustrative examples of a wide variety of
problems are. given in detail. including da:a and FORTRAN listings. In
many cases it should ‘be possiblc to sev up-a specialized problem by
modifying or combining various [eatures of:ilie examples. 188 pp. Refs.
" (Authors) - - BT ,

ihg and Resource Allocation

' RM-5769-PR° - A Heuristi." i a
¢ feapan System Programs. J. D. Wi-

Model for Evaluating Alternat
est. August 1969. ~ = - e S
" Description of a model designed to’ help decisionmakers: more realisti-
- cally appraise. the scheduling implications of alternative weapon system '

programs. Most widely used models for program planning and schedul- "

. ".:ing-do not take ‘into- account: the: problem of resource availability, al-
_{though marny important resources are limited and constrain the schedul- -
~ing of activities that require them. SPARTAN, a computer rnodel pro-
;. grammed in FORTRAN IV,'is specially designed to address the ‘prob-
" lem"of evaluating alternative weapon system proposals given limited re-
sources. Heuristics or scheduling rules modify the basic. computer pro-
gram to increase the utilization of available resources or shorten the
length-of: the schedule. Results from a test case indicate that a resource-
constrained- model can -yield ‘more realistic costs and completion dates,
-as well as differént choices' among development'strategies, thana model
that assumes unlimited resourccs. 103 pp. Refs. (CC) :

RM.5776-PR The SIMSCRIPT I Programming

) Language:
~Reference Manual. P. J. Kiviat, R Villanueva. October 1963. . .- -

A corriiﬁzi_ct-refe‘rénc;‘f ifisi'i'rig of the syntax and semantics of SIMSCRIPT . -

"I, designed for professional programmers already familiar with the lan-
. guage. (SIMSCRIPT!II is fully described in R-460, and its IBM 360 im-
plementaticn in' RM-5777.) The notation employcd was chosen for con-

.~ ' venience: and ‘descriptive. power: from_conventions previously "used, in.
. computer programming language descriptions. The study describes nota-

tion; " basic -constructs, (symbols,. primitives, metavariadles); statements ~ -

(nonexecuiable, ‘storage  allocation, computation. control, input-output,

. simulation);  system:defined values (constants; variables); a’ system-de-

- “finéd routine’{the ORIGIN routine for simulation time); generated attri--
~bules; variables, and routines; and library functions. 32 pp (MW} -

The SIMSCRIPT. I Frograiming Language: IBM

360 1mple}héh;étio!x ‘P.J. Kiviat, H: J.'Shukiar;,§- B Urman, R. Villanu~

"'A ‘supplemeni to the user's manial (R-460); this Memorandum déscribes .
- the implementation of SIMSCRIPT II ‘on Rand’s.360/65 computer. The
error “codes issued’ during: compilation and. during .execution are. listed |
.:and" their: meanings explained.. The first:section of’ this. manual contains -
odifications o, R=460. 2 ily, be ‘used’in conjunction. with ‘it}"it
entifies’ the statements:that a ~yetimplemented. Other .sections : .
give. the Tules;and: deck setup for compilation,:assembly, and execution, ".
ways:to definc additional data sets;icalling.assembler-language routincs; -
orage allocationdurinig:eXecution;-random nimber: generation and sta--
tical functions; and- directions for. installing the compiler, including a




) '_'C-130E per day; for austere; preplanncd operauons -about

listing of JCL that can be used to load the library. compiler, and assem-
bly interfacc and to punch off the SIMSCRIPT Il macros, distributed
. procedures, and sample program. 52 pp. (Scu also RM-5776.) (MW)

RM-5802-NIH

Tonic Interactions between Neural and Nonneural

Membranes in' the Mammahan Central. Nervous System. R. M. Lebo- -

vitz. December 1969.

In this study, it is shown that the hypotheses-of (1) the ionic basis of
neural electrical activity and (2) a restricted cxlraoellular space, imply
transient, local depolanzauon of otherwise resting mcmbranes by splke
activity-in a ncarby active ncural membrane. The depolarization is medi-
ated by. variations in the extraceilular concentration of potassium ion,
which leads it to be called an ionic interaction. A model describes the
_dynamics of a limited extracellular volume, and derives flux equations
for the electrochemical movement of potassium ion to and from the ex-
tracellular space.: The calculated- magnitudes for the postulated -interac-
_.tion are impressive; in particular conﬁgurauons the interaction may ex-

ceed firing level and communicate an action potential across the extra-
cellular space. Although this interaction has not yet been experimentally

verified, sufficient data suggest its existence. It should help to understand -

such phenomena as presynaptic control of information and membrane
noise, and could relate to more permanent information storage, as well
as cerlarn palhologlcal states. 63 pp. Bibliog. (CC)

RM 5810 PR
.June- 1969.

The derivation of a new expressron for the free arca function for trans-
lation of absorbed ‘particles in the study of the surface physrcs of therm-

Emlssron Rates in Thermronrc Drodes. C. Y. Fleck.

‘jonic dibde_ electrodes.” A relatively new’ lheory involvés direct energy”

conversion. through utilization of thermionic emission of electrons -from
~a hot metal. This Memorandum studies the surface cffects. that control
emission rates in.a totally different: ‘way. Using a digital computer, the

surface migrations of particles absorbed on a surface arc simulated. The -
simulation 1ncorporales relevant ‘geometrical -and . energetic considéra-
tions as realistically as- possible, and calculates the ‘free area for. transla- -
tion by a-Monte-Carlo process. ‘When the resulting expression for free
area is used in calculations, a substantial i improvement can be seen in the .

‘agreement: bclween prcdrcled and measurcd emrssron rates. 89 pp- Refs
(KB) -

-RM-5821-PR

1969, ‘ ;
An analysis of tactical axrcrafl eapabrhly based on SAMSOM Il simula-

tions of actual C-130E operauonal data, for Project: COMBAT SAM- :
_PLE. Demonstrated. capability. ranges from 5.4 to 6.3 hours’ ‘per aircraft -
day: Simulations suggest that the higher figure'could be attained at the -

cost of (1) severe degradation of missions, (2) virtual ehmnatron of re-
_serve capability, and (3) a shorlage of ‘maintenznce specialists. Ellmrna-
tion of residual emergency aircraft in-favor of mgher utilization imposes

value-judgment problems on -airlift: managers To aid them, simulations .
can construct tradeoff curves that permit comparison of various. utiliza-
tion capabilities with corresponding. residuals. The si. ortage of mainte- -
nance specialists could be alleviated' by (1) Spreadlng maintenance per--
sonnel among thé main opérating base and forward- operaung locations :: .-

and (2) balancrng crew chief and specrahsl manpower spaces. Estimates

~ of wartime airlift capabilities: depend on’ many interrelated factors, in=
cluding utilization and ‘ACL, available . aircraft, resource mrx, and prror-‘., ‘

: rty requu‘emenls v PP Brbllog (CD)
RM-5822:PR -

1969.

An’ analysrs of C 130E lacucal au‘llft capabrhlyfor various types of 1n
* tratheater airlift. operations, Using' COMBAT SAMPLE ‘dataand.as

sumrng [G resource or operauonal constraints, an. analytlc model isused

C-130E Tacucal A1r11ft Capabrlny COMBAT.,
SAMPLE Simulations. T o Smnh S H. Mlller, P. A Mason January-

‘ Maxrmum C-130E Tacucal Arrhfl Capabrlny;
v COMBAT SAMPLE S H. Mlller J S. Hamillon,P A:Maso January"
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‘to compute’ the maximum capability (in. Hying time, :per.; aircraft per: day);

. ofa squadron flying four diffefent; tactical arrhfl missio
uled, or. oncall, raidom requesl operauons (consrdered th
.the ‘Air. Force! planner:can’expect no’' more_ than' 5.6,

iying“hours’ pe

area support operanons aboul 6. 3 A SAMSOM Il s1mu]a

o from a data sample obtained. from:z

lecting’ that many more observation

used to determine how maximum airlitt capability is affected by reduc-
ing direct maint.nance manpower. Simulations show that 500 to 625 as--
signed maintenance men would allow maximum capability; 400 to 435,

90 to 98 percent; 225 to 255. 60 to 70 percent; and with 100 assigned
maintenance men, a squadron of 16 aircraft could ‘achieve only 10 to 25
percent of its maximum capability. 72 pp. Refs. (See ~lso RM-5821 ).
(CD) '

RM 5829-PR- " Primal Resource-Directive Approaches for'Optimiz-
ing Nonlinear Dccomposablc Syslcms A. M. Geoffrion. December
1968. :

The optimization of large syslems comprised of 1nlerrelated subsyslems
is considered. Three different methods are presented for decentralizing
the optimization by partitioning into subsystems and iteratively allocat-

ing resources to the subsystems; followed by.a coordination procedure.

The Tangenual Approximation method builds up a piecewise-linear ap-
proxit:ation to the optimal responsc functions based on the optimal
multipliers thai-become available at each iteration. These multipliers are
also used by the Large-Step Subgradient approach, which extends a typ-
ical large-step gradient method to cope with the non-differentiability of
the response function. An explicit linear program is derived for finding
the feasible direction yiclding the greatest rate of increase in the maxi-

_mand. The Piecewise approach exploits the relative simplicity in the lin-

ear and quadratic cascs of - the optimal response functions and- uses im-

. proving feasible directions to guide the transitions between regions of

simplicity. All can be-used with price-directive procedures, but resource- -
directive’ optimization- has the advantages of prlmallly 66 pp Refs :

Mw)

RM-5859- PR .'Ma)umum erelihood' Prediclion and Estimation
for Nonlinear Dynamrc Syslems L.D. Allaway December 1968.

A mcthod for dclcrmrnrng the syslem state.using norse-corrupled obser-
vations of ‘a non-linear dynamic vector process, with a’ numerical appli-

cation to radar observation of-.{ reentry body. The study examined the
feasrbrlny of numerically solving the vector-differéntial equations satis- -

fied by the maxrmum-hkehhood estimator. The maximum-likelihood es-."
timiate is that’ initial condrnon whrch mrnrmmes a certain’ functional on

itself, on'the observation, and on: ‘the 2a priori statistics. This functional -
describes.an' m-plus 1-surface at time T,.the upper time limit of observa-
tion; -the desired estimate. corresponds to its’ minimum:- A differential.

" equation is developed: governing the évolution of this estimate with time
. T, Using the:differential equation, the algonlhm calculates as a funcuon_
“of T that maximumlikelihood solution. that evolves .over time: from the .
‘uniqué solution. at time T- = _
Differential-equation solutions with and without Newtonian techniques - -

O (given by the 2a priori_mean vector)..

(for conslanl T) were used. to estimate reenlry-vehrele 1n1ua1 conditions

 for ‘a simulated reentry.: One coordinate time rate (initial angle): was not -
“ measured ‘and served.as an unknown parameter with 2a. priori statistics.

The estimates converged. to within the ‘order of. the: Cramer-Rao condi

“: tional bonnd. The unknown parameter was handled as successfully as’

' the others. Compulauon wnh readrly available: programs and-a- general;
‘purpose computer:resulted;in: :processing- times _considérably greater:than.-

- real-time.: Special- purpose compulers 'with éfficient. programs:can be ex-

- pected | to; reduce compuung ume lo on- hne real ume reahzauon 102

" PP Refs (MW) : AT .

" RM5866PR |
»." Size. G, S. Flshman . August'1969.. e RPN
An’ algornhm for aulomaucally esumaUng and collecung lhe sample size-

Drgnal Computer Srmulauon Esumallng Sample‘

required ; for slausucal precrsron in‘a. compuler simulation’ experiment

-~ ‘while the simulation-is running. The algornhm ‘which would be. [incor-"" .
poraled d1recl1y into - ‘the compuler routines, - would relieve an’ 1nvesuga-;_ -

stima 'ng“'lhe vdriance ;of; the sample mean
{ Tur .lhen estimating the sam- - .
p1e size necessary for: the - specrﬁed conﬁdcnce 1nlerval“ ‘and: ﬁnally col-
ulation.run,:Th

s

utoregkssrverr would depend on:

pro t requ
omputations to_estimate: the variance of,l
lilding; lhe gchniqu
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RM-5870-ESSA Numerical Models of a Tropical Cumulus Cloud against any other reactant or time, rescale curves, or delete them. (4) A
with Bilateral and Axial Symmetry. F. W. Murray. November 1968. reset capability permits backtrack for correction or to re:urn a graph to

a previous state. 62 pp. (MW)
Companson of two versions of a nummcal model for cumulus convec- P PP-

tion. One version is symmetrical about a vertical plane; the other, about

a vertical exis. It is found that the axisymmetric model grows more vig- RM-5932-NRL  Humidity Augmcntatron as the Initial Impulse in
orously than the other in both speed and strength of development, but a Numerical Cloud Modcl. F. W. Murray. 27 January 1969.

31,.‘;?: r;:_ﬁl;s;c(:ﬂlg; Zp{:::tnsltll? ih;eg;l‘;); ix‘::g;cginog:fgc?g;?sﬂu;%d ;g; , Discussion of the use of an initial humidity impulsc (instcad of tcmpera-
found to be deficient in necessary turbulent cntrainment. The 1963 . ture impulse) in numerical cloud modeling. Experiments usc a perturba-
findings of Ogura’s expcnmcnt are penerally confirmed but also cx- tion of relative humidity to trigger the convection prgccss in an axially
tended. Further study is suggested on the effects of different initial im- symmetrical nu‘;ncnca‘ljmodel of a tcl:umulus cloud. S‘}:’ yofhthe ;‘155015‘10;

ulses on cloud growth. 38 PP Refs. (See also RM-5564-NRL RM- varying the width an (depth of the perturbation shows that the widt

gsgz_ESSA) (KB) of the simulated cloud is influenced by thc width of the impulse, and its

rate of growth and ultimate depth mainly by the depth of the impulse.
The initial impulsc is an artifice required to start the model. If care is
taken not to add large amounts of potcntial energy in the initial im-
pulse, realistic simulation of cumulus convection can be achieved. (See

RM-5883.PR Digital Computer Simulation: Computer Program-
ming Languages. P. J. Kiviat. January 1969.

A discussion of simulation languages, their characteristics, the reasons - also RM-5316, RM-5564, RM-5582-1, RM-5870.) 38 PP Refs. (CD)
for using them, and their advantages and disadvantages relative to’
other kinds of programming languages. Simulation languages are shown RM- 5937 PR A FORTRAN Programmers Introductron to SIM-
to assist in the design of simulation models through their world vicw, to SCRIPT IL H J. Shukiar. March 1969 :
expedite computer programming through their. special purpose, high- o
level statements, and to encourage proper model analysis through their This study is 1ntendcd. to 1ntroduoe the FORTRAN programmer to
data collection, analysis, and reporting features. Ten particularly impor- some of the main concepts and features of the first threc leveis of SIM-
tant simulation programming language features are identified: modeling SCRIPT Il—the'levels which constitute an algebrarc compiler. Emphasis

. a.system’s static'state,-modeling system dynamics, statistical sampling, is-on the power and flexibility that SIMSCRIPT gives the programmer.
data collection, analysis and display, monitoring and debugging, initial- Among the distinctive features are (1) the SIMSCRIPT preamble; (2)
ization and language usability. Examples of each-of the four simulation the preamble statements, such as NORMALLY, DEFINE, DE-FINE
languages, GPSS, SIMSCRIPT II, SIMULA, and CSL, are 'used: to illus- TO MEAN; (3)'thc fact that any number of conditional expressions can

- trate how these features are implemented in different languages The fu-. be executed if a logical condition.is met; (4) the ability to reread the o
turc development of simulation. programming languages is dependent on . - same records'in different formats. Unliké. FORTRAN, SIMSCRIPT -
advances in the fields of computer. languages, computer . graphics, and - passes argument values rather than argument locations between subpro-

time shanng Some current research is noted, and outstandrng rescarch grams. The method ‘of constructing arrays is- radically ' different. The '
arcas are 1dent1ﬁed llO pp Refs (MW) _ R ) SIMSCRIPT programmer can ‘conserve core storagey construct ragged.’

‘ L tables; generate tree structures, and do list processing with relative case,
RM- 5893 RC Analyttc Hospttal Planntng A Ptlot Study ‘of Re- ,and his programs can be read rather than dec1phered 35 PP- (MW)
/' source Allocation Uslng Mathematical Programmtng in a Cardtac Umt _

- R- M. Gurfield, J. Clayton. April 1969. C R , RM 5940 PR A Model for. Targeung Strrkes in an LOC Net-'

A descnptron of RAPS (Resource Allocauon for Pauent Servrces), ' -‘._’,Nwork R.D. W°“mef- M. J. Ondrasek. September 1969. ’

new technique for planning medical facilitics. RAPS applies input-out-
put analysis of patieni flow and uses standard linear: programming algo- .
rithm's to march clinical facilities against demand. Conventicnal hospital. -
planmng techniques take no account of the fact that differ=nt kinds of
pattents use different amounts and' mixes of services, so that overcrowd-
ing and . 1nadequac1es commonly result, while'some -facilities - may be -
underutilized. RAPS is based .on the principles that (1) all’ patients can’.
be classified into a finite number of functional groups, based on diagno-
sis; (2) each procedure that uses a different mix of space, personnel and

A computer model for developtng and evaluating a targettng strategy. o
‘against.an opposing force’s lines of communication. This aim is to ob-‘
‘tain’ the' greatest reduction in enemy throughput and' the greatest time
and cost of .repair. The network :arcs (road, rail, or waterway segments
or transshtpment points): are charactenzed by beginning "and ending
nodes, .upper and lower bounds, 1nterdicted and uninterdicted unit flow
_costs, repair- times and costs, and. the probabtlmes that attempted strikes .
are successful. The model is programmed in-daily cycles, with the user -

cquipment s a funcional fcily; () difteent groups of patnts ollow ~$pecYing nmber of daysand stk Srke are wrgeed one by onc,
gz'erf:)t elt)lzlnst:zsr\;t:egut%hp[:tfegzzsl::aﬁsbznei};:g;erg ?;Tz:en?sl :}u:(lztz %Z:Srgr"b K : out; if; dcsued ‘a’ detailed status’ report and/or a profile. of total flow . -

patients through - facilities; - (5)- within"each- pattent group. the -average..

utilization of each’service “constitutes the patient-service ‘vectors of ‘that’ : : s :

group. for computing purposes: The bulk of- the - Memorandurm’ consists o L

of a sample RAPS analysis of the. 1npat1ent cardtac care service at - _RM 5949 PR A PrOgrammerS G‘“de to VIMCOS 0. M ‘Hixon, - *
ucLA Medlcal Cemer 92 Pp- Refs (MW) R oot B G Marks,” R BE Moulcnbelt F Valadez, R.E. Stanton October

Lo T ‘1969 : . .

o RM 5925 NIH An Interacttve Graphrcs Program for Studytng el

L vA detarlcd descnptton and dtrecuons for ustng all the routines of VIM--
Models of Kinetic. Chemical: Systems G. F Groner R. A Berman RO
M. Hen-schfeldt June 1969 r : COS (Vehicle: for Investigation 'of Maintenance  Control Systems) an

© . Un-line, real-time’ game'simulation’ model that allows an airbase mainte: .
"fnance controller to: select :and: schedule workloads VIMCOS comprtses .

‘ ‘versu$ user-cost are also output. The’ FORTRAN program is thoroughly; _
S 'selfdocumentcd 54 pp Refs (MW) S . o

‘Thts 1nteract1ve computer graphtcs system permtts btologtsts to studyf."t '
models of kinetic chemiical systems and computer scientists o 1nvest1gatc
interactive modehng The: program runs.on an IBM:360/Model 40 con

. puter and.is intended to prov1de a convenient:means of (1) descnbtng ‘a

" model 'via'chemical’ ‘equations; (2)’ observrng the behavior ‘of"a‘model -

_dunng simulation;; (3) edmng output: formats: and modlfylng the; model -

© “The_user communicates with " the: -computer via .the RAND Tablet ‘uséd .-

_ . - in conjunction’ with.a°2250/Model 1'CRT display’ dev1ce “The'} program

', has several desivaiie features: (1) It simulates multiphast liem al sys-
b tems hthng both.fast’ and: slow ‘reactions. (2) .The user-may’ ente chemi

-+ cdl equations: by pnnttng ‘thel ~as‘on’a piece of - paper; ‘and: the'pi 1
‘drsplays its 1nterpretauonia a check." (3) The user:cal ‘inte

llOl’l at any ttme, EX
Emc S
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RM.5955-NiH ‘Theoretical Evaluation of a Patient-Artificial Kid-
ncy System Using the Kiil Dialyzer. M. B. Wolf. P. D. Watson. B. H.
Barbour. April 1969.

A mathematical model of hemodialysis (artificial kidncy trcatment) that
can accuratcly prediet the changes in distribution of urca and creatinine
in the patient’s body during dialysis. for a wide range of system param-
cters. The model was validated using considerable clinical data from
two paticnts, plus one-time data from 10 randomly chosen patients on
the Kiil Dialyzer. The predicted fraction removed dur1ng dialysis was
plotted as a function of blood-flow rate. length of dialysis, initial blood
concentrations. and patient weight. Results suggest that in most dialysis
paticnts, material removal during dialysis and blood concentrations af-
terward can be accurately predicted from just thepatient’s weight and
his rate of blood flow into the dialyzer. The computer-gencrated results
can be valuable to the clinician by showing the time nceded to dialyze a
given paticnt to achicve a desired result. 46 pp. Refs. (KB) ‘

RM-6036-PR VIMCOS: A -Vchicle for the Investigation of Main-

tenance Control Systems O. M. Hixon, B. G. Marks. October 1969.

A description’ of the haslc concept and operation of VIMCOS, an on-
line, realtime gamc-stn‘ulatlon model that allows a player to function as

an AirForce basc maintenance controlier to sclect and schedule .

workloads.’ Part of the LP-IV study, VIMCOS is made up of the man-
agement: control information sysicm segment of CAMCOS (sce RM-
5255), plus an environmental simulator that represents the flow of in-
formation from remote input/output terminals in a real-world com-
putcrlzcd .maintenance control system. The controller at hi console re-

ceives notices of aireraft landlngs ‘malfunctions discovered, job, starts .

" and cnds; and failures to maintain schedules. He may qucry the lystcm

for other information on resources and nceds; this.information’is dis- -
played-for him immediately. The model is* decision-oriented.: The con-

troller' makes all the decisions and the system- plays out the results, keeps

all the records, ‘and “creates’ the. notices and dlsplays Programmlng de- -

. talls arc glvcn in: RM-5949 54 PP- Rcfs (MW)

_RM -6049-PR - - Sf‘AM A System Support Cost Analysls Model R. _' ‘

1 Kaplan LY. Lu, R. M2 Paulson. November 1969..

A description of a computer model dcsigned fo assist Air Forcc planners
. during the provisioning process, which includes the requirement that ev-

ery item in a weapon system be evaluated to determine (1) if it should
bc-a spare part, and (2) if and ‘'where it should be’ repaired. SCAM. ex-

amines four source and maintenance coding alternatives: repair at base -

only, repair at-depot only, repair at both base and depot, ‘and discard.

~The aggregate cost estimates represent. ‘total fesourcc’ requircmcnts for
_cach alternative for-a specxﬁed performancelevel,. Through :the use of -

. optimal stock. leveling policies these comparisons ‘have the: attribute of ™™
* equal performance characteristics or equal resource requ1remcnts which
" reduce the ‘ambiguities of .earlier’ decision models. SCAM can’also be

- uscful in analysis of on-going systems Lo-estimate the ‘relative costs of

any proposed change in the mainteénance. posture. Sensluvny_ analyses in- .
‘vestigating’ relauonshlps ‘of - various ‘parameters can ‘give a broader pic-.
h.

ture:on whic

o base’ repair level decisions. The appendixes contain ex-

“amples of output and the complete JOSS- and FORTRAN 1V programs‘, L

for. modcl operatlon 96 PP: Refs (MT)

' RM 6073 PR 8 Slmulauon of": the - Rcr-al Effccts of Anudluretlc

l-[ormonc (ADH)} in Man 1. C. DcHaven. N . Shaplro November‘.;,.;

. -1969

A blomathemaucal m0del 1ncorporat1ng thc actions. of ant1d1uret1c

. mone on_urine flow_and composition.'Body compartments. reprcsentmg___if '
intracellular and-interstitial fluid, as well as plasma, red ‘cells,:and Tespi- .
ratory ‘volume, :are;simulated.’ Urlne formaiion; 1nclud1ng conccntratlon :

- , ratios produced by the’ kidney’ through glomcrular and tab

~tions__is treated via-a’compartment’scpariicd from: the. body byan‘ac-
- tive’ membranc, The composition and rate of ‘urine’ flow; are" influenced:

* . both by the:level of antidiuretic hormonc i plasma and by the chémica
*_reactions: ‘within' and between body comipartnients; 1nclud1ng urinc:-Dur

. ing dynamlc response to stress, the current antiditiretic: hormone-level in |

;" the ‘model'is esiablished by the:previous. hlstory of hormone producuon
.*. by‘excretion and destruction,-and by:the‘current plasma volume: ‘The'va
_ - lidity: of ‘the:mode] was tested by slmulaung rapid ingestion’ of 'water

' 'orlewous model is descrlbed in’ RM-4609 69 PP Ret : (Authors)

EMC
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o RM- 6083 PR
_Modcl for. Undergraduate PJlol Tralnmg L AlllSOﬂ December 1969

A descnpuon of- the progtam,
- put of ‘the: UPT computer mod¢l,- which. will estimate requirements for e
- manpower, supphes, equipment, - scrvices,: and " facilities ‘of : the’ under-+
'graduate pllot‘trammg system. and the:costs of these! resources,: OpllonS

RM-6281-PR The Pilot Training Study: A User's Guide to the
PILOT Computer Model. L. Littleton. December 1969,

A detailed description, with floweharts and listing. of the computer pro-
gram for a pilot flow simulation. Given the number of trained pilots re-
quired over a time period, and a statement of the policy concerning the
flow of pilots between desk and flying assignments. the computer pro-
gram determines at what times and in what numbers pilots must enter
and_lcave training courses. Requirements for a maximum of 20 yeurs,
80 wecapon systems, and 3 pilot types can be processed. PILOT can esti-
mate the cffects of alternative policies on pilot flows, and the effect of
thesc flows on training rates. Combined with cost-and resource models
of the training activitics, it may be used t6 estimate the overall impact

. on costs of pilot training alternatives. 73 pp (Sce also RM6080 RM-

6082 through RM-6087.) (MT)

RM-6082-PR The Pilot Training Swdy: Pncommlssronmg Train-

Jing. .l W. Cook. Deccmbcr 1969.

An analysis of .the student flows, supporting rcsources. and costs of
graduating pilot condidates from the 3 major sources of enrollees: Air
Force Academy (AFA), Rescrve Officer Training Corps (ROTC), and
Officer Training School (OTS). By developing estimating refationships

~and predictive factors from a caleulation of attrition ratcs and- historical

costs of training at past student load levels. estimates can be made. of
the future costs of training at different. levels. For 1973 it is estimated
that the AFA will supply 645 pilot candidates ai an annual cost of $37.8 -
million ‘(in 1968 dollars), while ROTC pilot candidates should number.
1600 with a program cost of $12.5 million. (Because of the number of -

- pilots produced by OTS is not: consistently-related to total number of

graduates, it is not possible to predict the 1973 output of pilot candi--
dates from OTS.) The:marginal cost of producing cach additional pilot

_ candidate is estimated to-be $28,550 for AFA. $3700 for ROTC, and.
. $2700 for OTS. 92 pp. (Sce also RM 6080 RM 6081 RM- 6083
- through RM- 6087 ) (MT) :

“The Pllot Tra1n1ng Study A Cost- Estlmaung

A computcr model for est.maung the resourees required and the. costs -

for ‘any given connguratlon of the USAF undergraduate pilot training -
system. The, .model can be used to measure the cffccts of alternative poh- ,
cies and conditions, such-as changes n requ1rcd number of graduates, in
course syllabus, and.in training facilitics. Inputs-arc data spec1fy1ng re

- ‘number of UPT graduates required. course syllabus requirements, ‘in-
‘ structor—student ratios, number of’ zurcralt and simulators available; air-

craft and simulator utilization rates," l‘acllmcs available, and cost rela-
tionships. Qutputs are the manpower. chlmenl, and facilities’ required -

" for the described ‘program. The model incorporates three costing con-
- cepts basic to most military costing “studies: (1) analysls based on incre:
:_mental costs: (2) all categorlcs of. cost included in the incremental’ cost

computauon :(3) no cost: amortization. Thé model can be ‘used 1ndepen-

dently’or with’ other'pilot training models; ‘Appendices describe the Sur-

' - ‘v1val School modcl and list the FORTRAN IV. and JOSS programs for.
- it;:113/ .’ Bibliog. (Sec also 'RM6080 through RM 0082 RM 6084
.is\th ugh ‘RM6087.) MT) - : L .

"'FRM :6084-PR " - The Pllot Tralnmg Stddy A Uscrs Guldc to the '

Undergraduate Pllol Tra1
cembcr 1969 _

ng Computcr Cost Modcl L thtleton De-.

ovcrlay structure mput deck and the out- -

~or, long rangc costs of exxsung pro



RM-6086-PR
* Model for Advanced Pilot Trarmng L. E. Knollmeyer. Dcccmber 1969

RM-6093- PR.

. .Stemperature and: thrckness are follow “year by
- nstabte ‘1. :

FORTRAN 1V computer program arc appendled. 211 pp. (See also RM-
6080 through RM6083, RM-6085 through RM-6087.) (MT)

RM-6085-PR The Pilot Training Study: Advanced Pilot Training.
P. J. Kennedy. December 1969,

A dcscrlptron of the general framcwork and e mplcxrtlcs of’ formal
training courses in terms of types of aircralt. urbumzatron and mission
arcas. bases, and ecommands. Formal training is provided for 52 types
of aircraft by five commands in six different mission areas. In general,
pilots qualify to opcrate a specific aircraft and to fly a particular mission
by complcttng the preseribed formal course as listed in the USAF For-
mal Schools Catalog (AFM 50-5). Courses cover hoth ground and flying
training and last from 2 to' 31 weeks. They are designed to fit student
qualifications and cxperience; converscly, student-sclection ecriteria must
be compatible with the demands of the coursc. In estimating the re-
source requirements for planning and budgeting, the analyst must first
identify all of the resourees contrihuting to pilot training and then dis-

tribute the studentpiot resources consumption among individual student_

pilots 1o show how-changes in student strength affect resource require-
ments. 59.pp. Bibliog. (See also RM60R0 through RM-6084, RM 6086,

RM-6087.) (MT)

The Pilot Training Study A (_‘ost Estrmatrng

A dcscrrptron of the structure of the APT model and the problems en-

countered in its development. The model is designed for estimating the,
required resources and costs of training pilots to: fly more than 50 dif-

ferent types of USAF aircraft. The model consists of detailed state-

ments, in logical sequence, of the rlationships among factors ‘signifi- -
cantly affecting training costs, such as the relationship.between numbers.

of students and instructors. These relationships. are- incorporated in a
computer program; -which, when given the appropriate inputs, e.g., stu-
dents, aireraft type: and course length, calculates the incremental time-

phased requirements for personncl, equipment. and services and their =
associated costs. Resources 'and costs are computed by weapon system

on an annual basis. The model may.be used for.any number of weapon

systems and’ years ‘Results of general interest are output in a standard
table, but any or all inputs and outputs may be made available. option- :
ally, for analysis. Total operating cost, incremental investment cost, and.

operating cost. per_graduate ‘arc’ computed. Resource requirements in-

“clude personnel, aircraft, and simulators; facilities are excluded: 93 pp

(Sce also RM- 6080 through RM- 6085 RM-6087 ) (MT)

RM 6087 PR

December 1969.

A dcscrrptron of the ‘general ﬁow of opcratrons nput proccdures and

output options of - the’ compulter. program . for the APT. model -whose

‘methodology is -described in: detail .in- RM- -6086.: The computer will
/. process as many runs as’desired, each.run- consrstrng of. ‘one_or more * -
. weapon systems for one .or more year§ of opcration. Within a run, once
‘a complete set of inputs_ ‘has been'cntercd for the: first year of :the first .
weapon system, only" changes in those mputs nced ‘be ‘entered for suc-- i
~cecding years and systems. Relevant resources’ and costs are ‘calculated
for cach year and are printed.in"'pres¢ribed:formats. In’ addition, twof -
optional prrntouts of ‘the values of the variables ‘are avarlablc The pro-,
gram'is written in" FORTRAN 1V. for the IBM 360/65 usrng no, auxil- .
iary programs. The floweharts and hstrngs of the:program and the pro- = -
.gram varrables are appended 91 pp (See" also RM- 6080 through RM---.
6086)(MT) =

‘the; annual s

drsappcars

nul erther the i

© The Pllot Tralmng Study A Users Gurde to the
Advanced Pilot Trarmng Computcr Cost Modcl (APT) H. 1-‘ Boren .lr

Numencal Predrctron of the Thermodynamrc ch"

'»"f.fparual pressure’ of

growth and dcplction is repeated unchanged. Valucs predicted (using in-
puts based or the present. climute) agree closely with ficld observations.
Tables for 28 specified cases and annual charts for 25 arc presented. In
addition to showing annual growth and deplction of ice under normal
and anomalous climates, results show mechunisms by which environ-
mental conditions affect the icc. 189 pp. Refs. (Sce also R-444, RM-
5233, RM-5793.) (Author)

RM-6110-RC “The Effects of Western Coastal Orientation on

‘Rossby-Wave Reflection and the Resulting Large-Scale Oceanic Circula-

tion. W. L. Gates. August 1969.

The ¢ffeet of the orientation of the western shore on the structure and
behavior of large-scale currents in'a homogencous wind-driven ocean of
uniform depth is investigated through time-dependeat numerical inte-
grations of a primitive dynamical mode! Thise solutions arc shownto
consist primarily of transient Rossby waves reflccted from the western
shore, whose characteristics eorrespond well with the results of linear in-
viscid theory during the earlier portion of their life cycle. The reflection
of the wavcs’ group velocity appears to determine the location of maxi-
mum current variability in the western part of the basin. The western
boundary current is weakened with increasing deviation of the western

coast from a.north/ south orrentatron while the strength of the countcr— ’
'curren' is not. 54 pp Rcfs (KB)

- RM- 6112 PR

Computcr Graphics for Srmulatton Problem-Solv-
ing. ‘T. E.Bell: December 1969. v :

A descnptron of the use of interactive computer-graphrc analysrs in sim-
ulating, and then designing and’ developing, Rand’s Video Graphics .

- System, which will provrde low-cost, high-capability, responsive, graphic

computer access to many users. simultaneously. Simulation began before

" the system was fully defined, as an aid'to design. The graphic: displays

were presented on an JBM 360/40; the user entered data via the RAND
Tablet, Of the. three. types of display—Statistics, Variable' Graph, and
Gantt Chart—the latter was used.most. Graphic analysis cut-total mod-

: ’ehng time approximately in’ half: Since much hard copy was pasted info

strip charts, thesc should ‘be produced automatically. Graphics capabili-
ties facilitated analysrs of a large volume of simulation output to.exam-

inc the model in detail and to. discover anomalous behavior; ongoing .

srmulatron proved a valuable ald to dcsrgn 28 pp Brbhog (MW) o

RM 6132-NASA ECSS An Extendable Computer System Srmu-
lator. N. R. Nrclsen February 1970.

Dcscnbes the major desrgn featurcs of ECSS a. programmrng ]anguage :
for simulating computer. systcms as.an aid to design and evaluation. In .

" -its"prototype ‘version, ECSS is implemented as a translator . into. SIM-
. SCRIPT II with extensions to add further capabilities. ECSS can model
floworientcd “as well ‘as: discrete-cvent simulations, - having' added.-to
‘SIMSCRIPT the SIMULA-like: process, which -is- both an-entity and an
" event_ subroutine, and the’ HOLD UNTIL .and WHEN TRUE -state-
" ments.; The emphisis. throughout is on case of use, freedom in model- -
v ing,: and on' minimizing. programming and debugging . time: Standard_
" features can:be simulated merely by requesting the. facilities and-input-",
‘,ttng data;: for nonstandard feap:res, the usér writes his.own descnptton.:. :
in SIMSCRIPT ‘and uses -as muchas he' wishes ‘of :the: ECSS-facilities.. .
‘Unused facrhtres "donot’ affect cxeeution.- Implcmcntatron of the ECSS :
: trans]ator is now: under way ‘53 pp Rcf (MW) RS

e RM- 6203 PR .
o -:'Base Stress 1n=the Dog C ‘D Russell H. Dh Roener, M M llhckal E s

'Whole Body Base Excess: Acutc Rcsponse to Acrd-‘

on exper1mental data vbtalned from 54‘ nephrcctomrzed dogs subjcctcd t

EMC
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of the similarity beiween the acid-base responses of dog and man, the RM-6230-RC A Water Quality Simulation Model for Weli-Mixed
made! should permit morc accurate determination of human wholc Estuarics and Coastal Scas: Volume I, Principles of Compwation. J. 1.
body base cxcess from a blood specimen. 30 pp. Ref. (LC) Leendertse. February 1970. :
RM-6210-ARPA Studics in Climate Dynamics for Environmental Detailed description of a model of asscssing technical alternatives in the
Sccurity: A Note on the Latcral Eddy Viscosity Duc 10 Transicnt managemcnt 'O' fluid wastc discharges in wellmixed cstuaries and
Rosshy Waves in a Barotropic Model. W. L. Gates. April 1970. coastal arcas.’A model is devcloped from the numerical integration ol"‘,
} : : ‘ (1) flow cquations that simulatc the watcr movements of tides and (2)
Jimulation of a wind-driven homogencous occan and its characteristic the advective diffusion cquation reprt.senting the. movement of dissolved
circulation. From time-dependent numerical solutions of the model, a- waste constitucnts. Partial diffcrential cquations ‘that formulate the two-
ncgative lateral eddy viscosity is estimated in the basin interior, where dimensional movement of wastc constitucnts arc dpprox1mated by two
flow is dominated by transicnt Rossby waves. These waves produce a difference equations; these equations are uscd in succession for a step-
systematic meriviional convergence of ¢ddy momentum into the latitudes by-step solution in time. Computational procedures are tested on models
of mean castward current and arc analogous 10 the Rosshy waves in the of Jamaica Bay, Long Island, New York. A mode) with a computational
general circulaticn ol the atmosphere.. This regime exists tn spilc of the + grid size'of 500 ft was used for the computation of fide.}ivels and ve-

formally prescribed, lateral .viscosity in the model’s cquations; the re-
quired viscous dissipation apparently occurs in the standing waves' of
the western boundary current system. Results suggest that a strong gra- . . . S
dicm of the cffective cddy viscosity may be characteristic of an ocean 1|3M6256}-{P5{ b Trackrng Error Propagation. and Orbrt Prediction
with meridional boundarics. This investigation was begun as part of an Frograin obley, L. N.'Rowell, M. C. Smith. July 1970.

cffort to evaluate the cffects of cnvironmental perturbations that could
be detrimental to the sceurity and welfare of our nation. 22 pp. Ref. Dcscrrptron of TEPOP {Tracking Error Propagation and Orbrt Predic-

: , tion Program), a Rand-modificd FORTRAN IV program. uscd in the

(Sec also RM 6110, RM-6211.) (KB) .AFSC/AgDC Joint Mission' Analysis on Survcrllanccpongb]ects in Space.’
TEPOP simuiates space-vehicle tracking data from as many. as 54 sen-
sors: Rand improvements: Sensors may be- satellite-based, may rotate,
" may be limited. in azimuth, elevation, -and range; drag bias can be in-
cluded; the. JPL ephemens tape is used; the program was converted 10

locrtu.s in thrs shallcw bay with many tidal flats. 78 pp Ref {KB)

RM 6411 ARPA : Studres in Climate’ Dynamics for Environmental
‘Secuiity: Numerical Studies of Transient Planctary Circulations in a
* Wind-Driven Occan on the Spherc. W L. Gates. April 1970.

“A numerical investigation of a bounded-occan basin on the spherical double-precision:; Besides dctermining a target’s path from real data,
carth, with particular attention dirccted to the role of planetary circula- - TEPOP can be used to gencrate synthetic data for objects orbiting
tions. The time-dépendent primitive cquations are solved for a shallow, . carth. sun, moon, Mars, Venus, or. Jupiter. .or :on- an interplanctary
wind-driven, homogeneous ocean in-a basin of uniform dcpth on the = ~ ~coursc; to study the cffects of 1ntroduc1ng random and ‘systematic errors;*
sphere. In a series of comparative. numerical solutions, it is shown that -+ and to generate confidence regions for position and.velocity. The refer-
at least a 2-deg resolution is necded to resolve the western boundaly . ence coordinate system is automatrcally centered on’ whrchever body in-
currents adequately ‘and to avoid” undue distortion .of the transient ‘ -ﬂuches thc tracked °bJ°Ct at the time. 74 PP RCf (MW) S
Rossby waves. Although-the transicnt Rossby waves systematically pro- ' - :
duce a momentum flux convergence at thé latitude of the maximum' - RM 6268 PR FAS’[‘ VAL Relauonshrps Among Casualtres Sup-

~ castward current, this i$ only a relatively small contribution to the zonal " ‘pression, and the- Performance of Company-Slze Unxts 5 G Spring, S.
oceanic momentum balance; ‘the bulk of the mean zonal stréss is bal- ~H.Miller. March 1970 _ ‘
anced by a nearly stationary net pressure torque cxcrted against-the’ ine- y ‘ o

ridional boundaries by the windraised watcr. 62 pp. Ref. (RG) = © "~ Describes the secondary effects, as mput to FAST-VA stmulatrons of -

o * casualties, cquipment losses. and fire' cxchangs on the performance of

_RM 6214-NIH Convection and’ Dlﬂ"usron in the Mrcrocrrculatton individual combat troops. “These effects—including diversion’ of survi-
I Aroesty J.'F. Gross. Junc 1970. - _ : ) vors, suppression, and loss of leadership and cohesion—are calculated in -

terms of break and stall levels, company effectiveness, weapon-crew ef-
. fectiveness, suppression of firc, movement ratc, suppression-of. mobility, . -

and ‘hand-to-hand- combat ‘performance. -In a’ FAST-VAL simulation, -
“the percentage of surviving cffective riflemen is computed as a. function

of -the’ preplanned‘rate ‘of Hfire, rescryc-commitment . policy;. cumulative .
casualties,"and | suppression, ‘An attacking. company breaks :when it ‘has ©
ous to augment the low rates of species transport. by diffusion alone. _ ' sustained 30 percent cashaltics: . a, dcfcndmg company, 50 percent The
~This study makes a detailed theoretical -and numerical examination’ of;._: S artrllery, mortar, and: machin- “gun ratcs of fire are compuicd separately. :
Vthc ‘bolus model of capxllary flow: Tt shows'that for this hrghly 1dealueujjl . An attackmg company’s forward movement ccases.at*23 percent casual-
situation, the convective motions of the. plasma and the énhanced mix-": * -ties; an‘attacking armored unit stalls with 70 percent vehicle losses.’ Dis-’

ing duc to these motions do not apprcuably angment diffusional species- - =~ “cussion ificludes:detailed computations for derrvmg the ,.percentage of ri-
transport rates' for dissolved gases. The results of the equations of mo- " =-ﬂemen still eﬁ"ectrve 78 pp Rcf (LC) : : T

‘tion and the cquatrons of specics' transport indicaté’ that:plasma; mixing " . » k .

' 'is important only in the transfer of matcrials ‘such as- ‘maciomolecules,” .5 .
“which may. diffuse mote slowly than dissolved gases 55 op- | Ref. (DGS) R RM 5279 PR * JASP: A ‘Simulation Language for a Trme Sharcd R
U System A A B Prttsker June l970 ‘ ‘

A study using the idcas and analytrcal techniques of lluxd mcchanrcs to

" investigate the role of -plasma motion in_the:transport of species be-’
tween crythrocytes and surrounding. tissue ‘in rather. narrow cayiillarics. .-
It has been widcly believed that the plasma ‘circulatory motion in the re-
gion between the red blood cells and caprllary wall is sufficiently vigor-

v -RM-6224-PR An Appllcatlon of: Computcr Graphtcs The FAST-"‘

- ‘ . A combmauon Users Manual and Programmers Gmde for JASP, a:"
VAL Ground Unrt Deployment input System N D: Cohen Aprrl l970 “. 7+ .. simulation language for use. on the JOSS time-shared system.. ‘Written in -

""-;:"JOSS language JASP provrdes standard routines for performmg func-'-' :
i ons sthat:are ; ommon many srmulauons 1nmalrzauo time - and

: -Descrtbes the beneﬁts of intérdctive computer graphrcs to FAST VAL' e
Interactive graphics facilitates.and ‘therefore; reduces the" errors in” dé-: ¥ 7
ployment ‘of “resources 'for ‘this complex’ model.. An’iiit active, program.

" permits the -uscr, seatcd at'a CRT console, to enter, “dataiand Mo u.an ] _

*.study or even .modify. the program; while it.is: unmng The FAST-VAL. =7 " ’generatron'»The routmes ffor. pcrformxn :e

. ~Ground; Unit Deployment’ Input. System- was ‘designed to-usc.an:1BM seribed,: ‘as well. as; the; SP€CIally defi d:JO‘S

- 2250 graphrc console attached to:an IBM;360750 computer.; “The ¢onsole” ‘
~~d1splays 4 grid representing an arca- divided into 100-fi squares ‘The in-
“teractive system enables -the user to create: and - deploy resource’; symbols

" ‘to move them freely around the grld i 4 107 delete them” by pressmg:;
onc of cight lighted funétion’ Keys: LABEL; SYMBOLS, ‘SELECT,; -DE-
[M C’ DELE’[‘E, CONVER’[‘ RES’IART and QUIT 96 pp- Ref: (LC) |

rllurm«unmc i
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RM-6327-NiH BIOMOD: A Uscr's View of an Interactive Com-
puter System for Biological Modceling (A Preliminary Report). G. F
Groner, R. A, Berman. R. Clark. E. C. DeLand. August 1970.

An cxample of the current version of BIOMOD. an interacuive

computer-graphics system for biological modeling, The example models -
water and solute distribution between the intravascular and extravascu-

lar spices of the body. BIOMOD operates on a graphic console compris-
ing a CRT scréen,-RAND Tablet. and keyboard. BIOMOD allows the
user 1o draw block diagrams, handprint or type text. push displayed but-
tons, and drag lahels. while providing immediate interpretation and va-
lidity reports.”A user may represent a model by a block diagram, cach

component of which may be defined by another block diagram. by -
CSMP statements. orZ-when BIOMOD is: completed . ~by - chemical:
u]tuttlons differential cquations. or data curves. Hicrarchy facilitates de-

vising complex modcls 4 portion at a time. All'modcling languages: used
arc internally translated to IBM’s CSMP/360 simulation modeling lan-

guage. During the simulation, -the user may display curves for different.
variahles, rescale, alter simulation parameters. and im mcdtatcly rertin or .

continue the simulation. 46 pp. Ref. (MW)

oo

RM'6357 PR' Mathemattcal Models in Educalton and TratntnL
A L Hammond. September 1970. . o

A néntechnical*introduction to the state- of thc art in modcltng cduca— -
tion systems. prepared for Rand’s Air Force technical training study. In-'
put-output: models ‘are’ convenient for examining - volumtnous data on ..
student flows for short periods or. for ‘relatively static.institutions. Map-

' power planning models scem least ‘useful: Opttml? ‘tion and simolation
models are complementary: Opttmtzatlon models show resource- alloca-

tion choices - explicitly. yicld. plans and prtontles ‘and’ stimulate poliey- .=

“level ‘discussion.”Simulations-can help in managemcnt and- short-term

plannmg if enormous quanttttes of data are. avatlable A model need not .

a situation. Simple. models are best at our present level of understandtng:_

the educational process. Includcd are a review of the litcrature and a'sc-

.- lective bibliography: Mathemattcal detatls are. gtvcn in an app..ndrx 38

pp. Ref. (MW)
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al Network. D Perkel December 1964

Appltcatlons of a Digital- Computer Slmulatton ol a Neu-“ :

32

Descrtptton of a ncuron model developed as au ndjunct 0 expertmental-

'neurophystologtcal investigations.- The computer program is described '
.. and’ appltcattons of: the model dtscussed 29 pp_.= (See” a150 RM 4]32- N
. NIH) BRI : v

P 3057 ':5 A Defense of Neural Modclltng D, H: Perl\el
Moore January 1965

.A dtscusston of spcc1ﬁe tnstanf‘es in whtch neural models ha e proved, o
“useful to.reséarch workers in ncurophystology The examples are pre-. . -
sented as a résponsc to a commentary questioning the’ uscfulncss of such B

' modcls to the expertmental rescarch workcr 11 pp.;

’,;‘proaches of operattonal model butldtng _
.__suggests proccdures tn_the arcas of urhan

o ’P 3076 ) FAST—VAL A ‘Model for'Forward 'Air Strike'Evaluation

l: MC )pltcattons 6 pp

-:P-3141
Ginsberg. May' 1965. ;

" Sirulator. II (GPSS), SIMSCRIPT, and programming by questionnaire -
~are dtscussed as’ cxamplcs of stmulatton programmmg 9 pp St '

5 p-3148
o Analysrs D.S. Stollcr - May 1903

- pa3le4

.',-B Bradham; August |

- A mathematical ‘model:
- cal systcms 32 pp Btbltog
' {_}P 3198,

.\ dlbLUSSlon of an cxpertmbntal famtly of models dcaltng wrth the plan- '

P-3114

An cxamination of the model-builder™s way of thinking and the mean-
ing of the terms of his trade. as well as suggested standards for evaluat-
ing his product. Basing his analysis on current models of urban land use
and spatial interaction. the author discusses their usc. the application of
theories 10 them. the strategy of design, and the fitting and testing of a
model. He concludes that ordxnartly a client accepts from the. model-

A Short Course in Model Design. LS. Lowry. April 1965.

. builder a tool of unknown cfficacy and that the tests arc at hest ‘partial

and indecisive. He alsol maintains. howcver, that the process of model-
building is cducatlonal and’its: future is promtstng 28 pp. Bibliog.

P-3128 Mathematical Problems Anstng in Btomedtcal Research‘
R. E. Bellman. May 1965. . ‘

An cxamtnatton of mathematical problcms in btomcdtcal research. Dis-
cussed. are: (1) analytt(, problems ortgtnatlng in chemotherapy: (2) as-

peets of the. heartlung-complex; (3) questions initiated by cardiology; -

ard (4) problems stimulated- by currcnt rcsc.arch in ncurophystology .
pp- Btbltog ,

Slmulatton Pro"rammtng ‘and Analysls of Rcsults A.S.
A discussion-of techntques for- srmpltfytng and speedmg stmulattons and
for -increasing the meaningfulness.of results. General Purpose Systems -
Thc Appl.catton of Stochasttc Processcs to Countdown

Elaboratton of a ﬁntte Markov chatn model of the space vehtcte count- -

~ .- down- process” The Paper carrics| this process further into the realms of .

;. -complexity and-reality,. requmng use of @’ dtgttal computer—but witha' =~
" major distinction: the model is so: complex and intricate that. simulation A

of ‘countdown activities is-directly carried” out.on the computcr .SIM- S
:'5SCRIPT is uscd to construct thc stmulatton 17 pp SR

Example of a. Lar -Model Stmulatton of the Blood Bto-“

8
chcmtcal System J.'V. Maloncy, . Jr.J. C. DeHaven, E. C

viable’ blood s"stem, outltned to demon-
strate the plaustbtltty of €0 structtng detatled mode.., of large btoehemt-

amlllcs of ‘Modcls N C Dalkey Augus ‘.1965

.+ ning problcm for stratcgic muclear war ‘and: with the problem of ‘design- -

‘'nuclear forces. The ‘set-consists of a, three-level pyramtd of -

war ‘gam

‘game- stmulatton with parttcular reference t0'The RAND Corporatton s
‘_Logtsttcs Simulation’ Laboratory System analysts techiniques’ areex-
- plained: .tccordxng to their: increasing degree-of abstraction, .

fromreal.

matical models -23.

these models, Jacobtan mat iccs' are’ prepare
ater;and electrolytes 3

DeLand, G. .

‘ 1)STROP, (2). STRIP; and (3) STRAP STRAP is covered o
L tn dctatl The author ﬁnds that lamtltes of‘ models- retatn‘ ‘the advantages o




most useful being the one in which the flux of metabolites is derived
from the composition and flow of urine. 109 pp. Bibliog.

P-3301 Tarlog: A Differential Grourd Combat Model. E. P. Dur-
bin. February 1966. ‘

Discussion of the development of a family of differential combat mod-
els. Characteristics of the current model of the family, Tarlog. are de-
scribed with suggestions for improvements based on insights gained in
cxperiments. The author notes that Tarlog represents a step forward in
the attempt to deseribe the essential elements and interactions of units
in large-scale land combat. 17 pp.

P-3314 Introduction t¢ the SIMSCRIPT I Programming Lan-
guage. P. J. Kiviat. February 1966. ‘

Presentation of the design philosophy behind SIMSCRIPT-II. The Pa-
per notes the incorporation of accumulated cxperiences into the pro-
gramming language, describes the implementation and structure consid-
crations, and reveals some of the language’s important features and in-
novations. 7 pp.

1966.

A brief summary of RAND's Logistics Department, its history and its
structure. The Paper describes rccent cxamples of .the influence of
RAND research on the Air Force, particularly the systems approach to
hasc stockage, basc maintenance analysis. and the development of simu-
lation techniques. 12 pp.

P-3348°  Development of New Digital Simulation Languages. P. J.
Kiviat. April 1966.

- An article prepared for The Journal of Industrial Engineering. It in-
cludes: (1) an examination of theories of simulation and modelling and
pregramming; (2) a description of the design aims and a few language
statcments of SIMSCRIPT I, a second generation simulation program-
ming language; and (3) comments on a probable future. for simulation
languages and simulation programming. 21 pp. Bibliog.

P-3342 Simulation Language Report Gericrators (or, T Hear You
but I Don’t Know What You're Saying). P. J. Kiviat. April 1966. -

Paper prepared for the Symposium on Simulation Techniques and.Lan-

guages, London, May 1966. The author discusses simulation’ program-
ming languages and their particular nced for specialized Gutput ‘state-
ments. The structure of future simulation language report generators is
predicted- through descriptions of the programmers’ and managers’ need
for reports about or from simulation' models and ‘programs. A set of
programming statements that satisfy these needs is presented and re-

lated to the simulation programming languages of today and the future. -

The programming statements are.in SIMSCRIPT II, but the use is-illus-
trative only; .they have not been implemented. Examples.of the reports

generated by the hypothetical statements are included -in the Appendix:

25 pp. Bibliog.

P-3400 Simulation of Military C’o'nﬂict‘.'.N.:F‘C.F'Dal.key., Jénﬁii;y
1967. - .. , N January

A djséussion of ‘the techniques of simulating military con'ﬂic‘:is}'Sim'iila- R

tions are classified according to three characteristics: (1) size—number of

.clements or amount of detail; (2) formalization— extent-to which rules .

arc explicit or complete; and (3) znalyticity—extent to:which preferred

* or optimal solutions. are computed. The four uncertainties that.ar¢ en- . -
countered in evaluating weapon systems and weapons use are-examined: |

stochastic, epistemic, stratcgic, and axiological. Specific. models are de-
seribed. 20.pp. » i A

P-3453 Development - of Discrete Digital S‘i'rhﬁvil'gitjionf_!Lar.lgliagc.:s‘. ‘

P.J. Kiviat. September 1966." '

/A discussion of the history, current status, and, possible_future of com- -
puter languages that are used for describing the structurc:and ‘dynamics.

of discrete-time syxtems. The author. discusses: principal features of the

:numerous simulatin programming langudges in-current. use:and. pre- ©

Aroal Lo
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P-3329 RAND’s Role in Logistics Systems. M. A. Geisler. March .

(3 “entual.merger into one or two. gencral-purpose. languages that' -

can be used to construct special-purpose simulation languages. 16 pp.

Refs.

2.3455-1 A Numerical Study of Transicnt Rossby Waves in a
Wind-driven Homogeneous Ocean. W. L. Gates. March 1967. ’

The primitive hydrostatic equations for -a- rectangular. homogencous
ocean with a free surface on a beta-planc are integrated numerically for
60 days from an initial state of rest and an undisturbed depth of 400 m.
A series of transient Rossby waves of approximately 2000 km' length
form in the central and eastern basin and undergo a well-marked lifc
cycle as they propagate westward. The northward. boundary current in ‘
the west and the countercurrents in the northwest may be identified as
the first standing members of a continuing series of transients, with sub-
scquent waves rcaching progressively smaller maximum amplitudes.
These transiént oceanic long waves display a meridional asymmetry or
tilt characteristic of a nonlinear poleward eddy transport of zonal mo-
mentum, much -in the manner of their atmospheric counterparts.

" Neargeostatic equilibrium is maintained throughout, with the meridio-

nal Ekman flow of ‘the order of a few centimeters per second: After a
spin-up period of about 12 days, the surface potential and total kinctic
energy- display damped oscillations -with the frec period of approxi-
mately 16 days, ‘with long surface gravity waves not significantly pre-
sent: 47 pp. Refs. ‘ g : DR

P-3496  Consideration of the Contributions of Engincering Analy- -

sis in'the Study of Living Systems. E. C. DéLand. December 1966..

'A.symposium' paper with discussion. Biolbogical problems arising from

modern’ rescarch techniques are too complex-to be solved without the
most. powerful. techniques of mathematics and enginecring analysis.
Compared with. the usual engincering problems.” however, biological
problems are ill-defined and immenscly complex. The cooperation of

- specialists from each side is required. A problem in- fetal blood: flow,

from the work of Professor George Bekey of ‘USC, is used as illustra-
tion of the point that first-order simulations are inadequate. A’ biological
system seems, always to-have closed-loop communication lines, so that a
change in one variable affects every other variable. (Presented at the
Symposium on the Impact of Bioengineering on Engineering Education,’
sponsored by Oak Ridge Associaled University, August 1966.) 16 pp..

P-3518  Prelaunch Checkout in the 1970s. L. T.-Mast. January

: 1967.'

An attempt to predict the prelaunch environment of space:launches in
the 1970s. Increasingly complex vehicles will use built-in"test equipment
and an onboard computer to control and evaluate’ the confidence test -
data. More claborate ground computer complexes arc envisioned to.aid

the' checkout process. By 1970. cssentially all of the confidence testing -

may well be’ automated. The extensive use of special-purpose display
and test equipment and complex cabling is expected to shift gradually to
a greater use of digital computers and CRTs with greatly enhanced ca-

* pability. ; Closer. interconnection of - all computing cquipment is antici-

" pated,-and more. cxtensive closed-circuit display and data links to vehicle’
~ design centers appear likely. Through the use of increased analytic capa-
- bility-and simulation, partially automated fault isolation—perhaps up to

70 perecnt—will ‘probably-be implemented. By 1975, automated, fault
isolation may reach'95 percent. 9 pp. Refs. . < -7 "0 o T

P3528 . “A."Gc'rierdi.'.Build’ipg ‘Block for. Direct :‘quql_ihg.’"l':l_'\'l;‘ B

- Reilly, April 1967,/ © = G
" Adiscussion of ‘criteria for and applications of a proposdd gencral-puz-
- pose logical building block useful in consiructing models for a_varicty of
.. problem areas. The logical properties'of such a device (realized through-
- computer hardware or software), should be:sufficiently complex that'rel-

atively few .would be needed in model construction and sufficiently basic
to ‘provide . general-purpose, capability. It -should: be- concept-oriented

_rather than problem-oriented 2iid; therefore more representative. of the.
. organization - of conceptions’ of 'information flow.in observed processes -
+ than ‘are assembly-language commands. or. finite ‘automata- bascd, .on
. physiological principles. The:building-block: approach’to: modeling'yields

a'number:of ‘advantages derived -from-enhanccment: of intuitive interac-

interruption. of an investigator's thought processes: 43 pp: Refs.;

_tion, bypassing-of: certain. mathematical difficultiés,iand. minimizing of .




P-3599 Compuier Simulation Progrumming Languages: Perspec-
live and Prognosis. P. J. Kiviat. September 1967,

An overvicw of the languages devised especially for programming com-
puter simulations devcloped since 1959. Some are bascd on transaction
flows (GPSS), others on causc-and-effcct relationships expressed in
cvents {SIMSCRIPT). activitics (CSL). or processes (SIMULA). Other
principal differences are static or dynamic storage allocation, levels of in-
dircct refcrencing, and ability to form complex data structures. Lan-
guages may be cxccuted interpretively by a controi program (GPSS),
may be direct extensions of genceral-purposc compilers (SIMULA of AL-
GOL). sourcc languages to compilers (carly SIMSCRIPT and CSL,
GASP. and FORSIM IV to FORTRAN).or compilc directly into assem-
bly code (SIMSCRIFT 1.5, Exteaded CSL, CSL-2). The trend is away
from tersencss toward readability and descriptive powcr. 22 pp. Refs.

P-3606 Use of Multiplc On-Line, Time-Shared Computer Con-
solcs in Simulation and Gaming. G. M. Northrop. Junc 1967.

A progress report on the intcractive usc of on-line time-shared JOSS
computcr consolcs in war gaming at RAND during the six months since
publicly accessible files werc added to JOSS capabilities. By program-
ming consoles to intcrrogate certain files periodically, a crude but highly
serviccable real-time store-and-forward communication system is cre-
atcd. The simplc JOSS programming langunage is perhaps the most im-
portant fcature, since it makes it possible for gamc players to contribute
to the improvement of programming. When the automated Tactical Air
Control System simulation was exercised by five Army ROTC students,
the Litton Digital Mcssage Entry Devicc (DMED) format proved too
rigid to cover alt FAC information needed, and: that the Fighter Duty
Officer needs three CRT displays: for FAC requests,. aircraft status, and
his own assignments of aircraft to missions. A text-only diplomatic mes-
sage simulation and a dataonly sub-launched missilc duel are also in-
cluded. Teletype consoles (Type 33 and 35) can be used as JOSS con-
soles, permitting participation, regardless of location, through conven-
tional telctype or dataphone connections. 6¢ pp. Refs.

P-3608 4}_,Stétistical Considcrations in Computer Simulation Experi-
ments. G. S. Fishman. May 1967. - :

A tutorial given at a symposium on the interface between computer sci-
ence and statistics sponsored by UCLA Extension, The American Statis-
tical Association (Southern California Chapter), and the Association for
Computing Machinery (Los Angeles Chapter), February 1, 1967. This
Paper dcscribes some fundamental statisticai problems that should e
recognized at all stages of a system simulation tha: is, or coniains. 3
qucucing nctwork, such as inventory models and job shop manufactur-
ing facilitics. Such a simulation is the generation of stochastic processes
'by Montc Carlo methods. While simulation languages such as SIM-
SCRIPT and GPSS have Leen developed and refined during the past
- decade, very little work has been done in applying statistical methodol-
ogy to the 2nalysis of computer simulations. 7 pp. Refs. (See also RM-
4880-PR, RM-5288-PR)y ‘ o ' '

P-3659  Comentarios Acerca del Uso de la Computadora en la In--

vestigacion del Sistema Nervioso. D. H. Perkel. Dicicmbre 1967.

Transcript of an address in Spanish before the symposium on Compu-
tacion en el Sistcma Nervioso, VIII Congreso de la Asociacion Latino-

amcricana dc Ciencias Fisiologicas, Mexico, D.F.. 1967. Four lcvels of
the usc of the computer in investigating the nervous syst¢m are .distin-

guished: (1) as a data-reduction device; (2) as a participant in neuro-

physiological or behavior experiments (e.g., in on-line contro! of stimu- -
lus presentations); (3) as a vehicle for realizing and observing models of .
nevral action and interaction; and (4) as a ‘model itself for interpreting -
-nervous: system operation. The author points out that the:use of: the_
computer is a natural extension of other tools-and. logical methods of
accepted use in neurophysiology; he warns of facile comparisons:be--

tween the human brain and the computer. 6 pp.

P-3672 lnput—Output Relations :for. Axo-Somatic Atﬁvktiﬁin in-a

Neuron Model. R. J. MacGregor. November 1967. s -

Experimental findings have suggested that axo-dendritic activation is the
primary source: of nonlinear-integration. among input pulses, while axo-

somatic activation mediatcs a relatively inflexible driving action on the

@  theoretical basis for this distinction ‘was previously examined and
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a model was prescnted to account for the nonlincar properties of axo-
dendritic activation. The present study addresscs the propertics of axo-
somatic activation with a digital computer simulation of the elicitation
of spikes by postsynaptic potentials. Input-output rclations for regular
and irregular temporal patterns of excitatory activation. and for com-
bincd excitatory and inhibitory activation, arc presentcd. The results
corroboratc the hypothesis. 28 pp. Refs. (See also RM-4877-ARPA.)

P-3734 Computer Simulation in Urban Research. J. P. Crecine.
November 1967, _ o

Restricting the tcrm computer simulation to models which are surro-
gates for realworld urban processes. this Paper discusscs those devel-
oped for use. in two major arcas of emerging research: (1) urban
growth, dcvelopment, and spatial location; (2) local government deci-
sionmaking. It also considers two hybrid efforts aimed at simulating a

" synthesis of economic, political, and administrativc clcments of an ur-
.ban system. The future in'the area of decisionmaking appears bright,
since progress is being made in the tcchnology for translating abstract

ideas. conccpts, and symbols into computer language. In the area of ur--
ban rescarch, howcver, a lack of data is limiting development. 27 pp.

P-3747 A Model for Continuous Neuroelcctric Aciivity: The En-
coding of Stimulus Intensity. R. J. MacGregor. February 1968.

This study applies the idea of largeamplitude depolarizations in dcn-
dritic regions to the: intensity dependence .of graded potentials in the
veriebrate retina. Thc model as;:mes that membrane in dendritic. re-

gions of primary afferents is linear, that receptors excite primary affer-

ents by a synaptic mechanism that is continuously active during stimula-
tion, and that the magnitude of the permeability change depends lin-
early on stimulus intensity. Comparison of thc results with.electrical
data suggesis that such a synaptic mcchanism might represent the source
of logarithmic intensity encoding. Psychological intensity data and pos-
sibie applicability to other scnsory modes are briefly discussed. 36 pp.

-Refs.

P-3785 Another View of Transport System Analysis. M. Wohl.
February 1968. - ' : ’ '

This Paper, which will be-published in the Special Issue of the Procecd-
ings of the Iee¢ on Transportation, cxamines the components and inter-

.. workings of transport systems and indicates some directions for improv-

ing our analysis capability. Suggcstions are made for designing more re-
alistic medels for determining-demand for travel, one of the ‘major
weaknesses of current efforts, and for improving metheds of measuring
the performance of a system. Much remains to be done interms of
modification; amplification, and clarification before we will be in a posi-
tion to embark. on large-scale systems studies or projects. 47 pp.-

P-3818 . Simulation Techniques for- Analyzing Air Combat Sys-
tems. T. E. Greene, J. H. Huntzickcr. May 1968.

.. A description of én‘alytit:al aids devised to assist in solving the problems

encountered in designing air-to-air fighter systems. TACTICS, the
RAND computer model for analysis of air combat systems, is designcd

. for dynamic simulation of mancuvcring -flight. Aerodynamic and pro-

pulsion performance of each of thrce maneuvering bodies is represented
for three-dimensional flights and-for pitch, roll, and yaw altitudes, giv-

" ing six-degrees-of-freedom -motion. Aircraft and missile performance

data can be input in the form of tables or.analytical expressions. The
output is of two kinds: tabular data and .graphical display. The graphi-
cal display assists the- analyst in: visualizing the combat action that has -
been simulated;  the tabular output data are more significant for pui-
poses of analysis. 20 pp. Refs.. - o : s

_P-3838 . GRAIL/GPSS: Graphic - On-Line.- Modeling: J. P.
"H.ave'rty.June,i%B.‘ e P,

A status report 6n't'h‘e‘RAND-devéldf>ed 'véépé'i,b‘i‘lit‘y' fof interactive mod-
eling of. dynamic systems using the GPSS flowcharting technique on the

- GRAIL (Graphical Input Language) facilities.. Analysts are’dissatisficd
" with the long lead time requircd to translate a'proposed: simulation from
" a logical flow diagram .to:a detailed-set. of computer-instructiois to be
» keypunched:-These steps can bc bypassed by working ‘at a°GRAIL con-
. sole; drawingon thc RAND Tablet and. having the symbols recognized

—



and displayed by the character recognition program. Using the GRAIL/
GPSS systcm increases the analyst's cfficiency tenfold to a hundredfold.
GRAIL capabilities not yet incorporated include shrinking, enlarging,
and moving geometric figures, and monitoring on-line execution of the
flow diagram. (Presented at an IBM Seminar on Operations Research in
the Acrospace Industry: Models in Planning and Control. Newport
‘Beach. April 1968.) 14 pp. Refs.

P-3860 Credit Expansion in a Muliibank System. I. N. Fisher.
June 1968. :

This Paper prcsents a model of the banking system that relates system
credit expansion to individual bank borrowing and lending decisions.
The results of the computer simulation based on the model demonstrate
‘that cxpectations in the credit expansion process can influence the speed
of systcm dcposit expansion— optimism leading to considerably more
rapid - credit expansion than pessimism. Consequently, statements and
action calculated to shift expectations in” the appropriate direction may
sharpen the effectiveness of various Fedcral Reserve policies in control-
ling the total volume of credit. Also. system' deposits incrcasc more rap-
idly when new rescrves are introduced throughout the system; there-
forc. the effectiveness of monetary policy may be improved significantly
"by decentralizing the Fcderal Rescrve’s open market operation. The
model’s primary advantage is that it illustrates explicitly the connection
between system behavior and individual bank lending and borrowing
decisions, so that the effects of such factors as bank cxpectations and
uncertainty on system behavior may be predicted. The model may thus
provide a more effective ineans for evaluating alternative Federal Re-
serve policies. 21 pp.

P-3861  Simulation Programming Using SIMSCRIPT II. P.'J.
Kiviat. September 1968.

Description of a computer simulation of production and sales, dcsigned
to illustrate as many zs possible of the programming features of -SIM-
SCRIPT I in a natural, problem-oricntcd setting. The Paper describes
the system to be modeled; outlines problems the model is designed to
study (namely, to determine the number of machines needed to provide
adequate customer service); lists the complete SIMSCRIPT simulation
program, well annotated; and gives a sct of typical data cards. The last
section works through the program in some detail, explaimng the syntax
" and semantics of the statements. 22 pp.

P-3877 . New Directions for Passenger Demand Analysis and
Forecasting G. Kraft M. Wohl. June 1968. :

A discussion of the srgniﬁcant issucs involved in developing a. model
that will help to evaluate alternative transpori programs in terms of the
- changes they may evoke or to justify a program on the basis of - reliable
forccasts of the values associated with the project. . The demand model
- described, incorporating direct and cross-elasticities, permits both the to-
-tal amount of tripmaking . and the split among modes to be altcred, as
the trip price or travel time for any mode is changed, and treats trip de-
cisions as simultaneous and interrelated. A satisfactory model must also

. recognize that travel decisions are dcrived from a large number of so-.

cioeconomic factors and that there arc a relauvely large number of al-
ternatives available to the traveler in terms of. purpose, mode, time,

route, price, etc. In addition, for forecasting purposes, the model must
interrelate demand and price/performance functions and recognize the’
interaction. between the increase in. tripmaking as service improves and -,
the build-up- of congestion.and reduction in service as the .volume. in- '

creases. Lastly, the long-term influence of changes int transportation fa-

~ cilities on social’and economic development in‘an urban area should ‘not
be ignored. More 1ntens1ve eﬂ'ort m data collection m this area isre-

quired 61 pp.

- P-3942 » Fighter Aircraft Performanee Modehng, Simu]atron and
Flight. Testmg for  Research ‘and Development T. E. Gfeene R L

Spieer. November 1968.

A companson of the effectiveness of current methods which measure‘

fighter aircraft system performance Involving various degrees ‘of simu-

lation, the techniques are: (1) modeling (usage of computer programs to -
caleulate aircraft and/ or missile flight paths); (2) simulation (usage of
one or more pilots on line  with a computer and'display system, flying.

slmnlated amcraft in. real .ime), and (3) ﬁight tesung (usage of actual

aircraft and hardware in simulated combat operations). The techniques
arc reviewed as to degree of experimental control, ease of variation of
parameters. range of parameter variability, cost and time requircd per
case, rcalism and credibility. Modeling and simulation are useful to RD
decisionmaking. but must eventually be set asidc in favor of experimen-
tal and demonstration testmg of hardware. However, all three tech-
niques can inicract effectively in research programs. 19 pp. Refs. (EB)

- P-3977 GAPSS (Graphical Analysis Procedures for System Simu-

lation). T. E. Bell. January 1969.

A discussion of .two types of computcr graphics displays used to analyze
data following simulations done in the GPSS language. The results
showed that the hybrid display showing changes over time (and utiliz-
ing a Gantt chart) was superior to the display sequentially presenting in- ..
dividual states of a system. Additional gencral conclusions are that (1)
an analyst almost never views simulation data the right way on the first
try; (2) computer graphics helps an analyst identify relationships ob-
scured by summary statistics; (3) computer graphics displays should be
tested for usefulness by the people for whom they are designed— intui-
tive feelings are often wrong. 13 pp. Refs. (MJP)

P-4000-1 Managing Climatic Resources. J. O. Fletcher. March
1969. o

Only in the last century have we begun to obscrve the gl(, sal ocean/at-
mosphere system in enough detail to. discern the geographical pattcrns -
of climatic change. Man is undoubtedly influencing the global climatc;
certainly several products of his activity (smog, dust, and heat pollution)
will be more influential in a few decadcs, if they are not controljed. Spe-
cific cause and effect estimates are still very uncertain in this respect. On
the other hand, it does appear to be within man’s engineering capacity
to influence the global system by altering patterns of therma!: forcing.
There have been specrﬁc proposals made for improving climatic -re-
sources of particular regions.” Viewing the results of computer technol-
ogy and simulation models used thus far in weather modification
studies, it is significant that we are reaching, or perhaps have already
reached, a technological threshold from which progress can h. propor-

" tional to the investment of effort 27 pp. Refs (KB)

' P4017 “A Note on Handling Uneertainty in Foroe-Structure

Studies D. E. Emerson. February 1969.

The description of preliminary work on a model designed to estimate

" the U.S. assured destruction capability for specrﬁcd US. and Soviet Un-

ion postures. There is no optimization of force mix or balancing of dc-

. fenses internal to the model. The model is deterministic: Input factors

are selected from specified distributions and then all phases of-the two-

.strike campaign are approxrmated by means.of expected-value submod-

els. The future best estimate for each planning factor is determined by a

.~ sample- drawn:from the distribution of current: uncertainty. The ap- -
- .proach can provide useful-insights for the décisionmaker. Based on spec-
- ified degrees of uncertainty in-the several inputs, it is' possible to deter-
*-mine the appropriate -force mix (or size) to achicve a desired level of .
. -conﬁdence at Ieast cost‘ 9 pp (KB) ‘ . S S

v_ “ P. 4019 Computers and the Dclivery of Medical Care E C De-,
Land W

I _,Rauh R W Stacy, B. ‘D. Waxman Fcbruary 1969.

The lntroduction to Computcrs in Biomedical Rescarch, Vol. llI evalu-

ating accomplishments over a 3-year penod and predicting areas for Fu-

. ture emphasis -Characteristics' distinguishing. recent: computer systems
“ from those;in the past include increased complexrty. flexibility, and ca-,
. pacity.for.i lmprovmg health-carc services. 'Work is being-done to imple-

ment present image: prooessing techruqucs and, in addition, to promote

computer-aided “instruction in, regard. to biomedicme In the future,”

" mathematical models combined ‘with- graphic and flexible forms of data
. presentation could become an tntegrai jpart of research hospitals, moni-
tored patient: wards and.clinics,:and basic research laboratories, Interac-

. tive computer,_terminals_ and the .attendant central . processor . software
~will be useful for hospital communications, for-model: building and hy-
pothesis testing, for patient. autointerview, for perusing files.of data: and
. for other tasks reqtunng the transfcr or analysrs of data, 20 pp (KB)
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P-4027 Weather Modification Rescarch— A Desire and an Ap-
proach. S. M. Greenficld. February 1969.

A discussion emphasizing the importance of understanding the atmo-
spheric cnvironment in depth as 4 prime requisite for weather modifica-
tion. Largely by the impetus of Langmuir’s research on the use of ice
crystals in precipitation studics, the public has shown interest in rain-
muking and cloud seeding activities during the past two decades. In the
carly "60’s two major rescarch documents pointed the way to the use of
computers for numcrically modcling the atmosphere: With the space
agc, essentially simultancous observation of atmospheric parameters has
becn possiblc on a global level. More important, perhaps, is that these
studies point out the danger that cxists in attempts to modify large-scale
weather phenomena without sufficient undcrstanding of the possible re-
sults. The latter half of the report investigates the nature of the weather
modification problem diagramatically. 15.pp. (KB) -

P-4038 A Proposed Scheme for Federal Support for Education. J.
E. Bruno. February 1969.

This Paper develops a linear programming model for calculating the
amount of federal funds for education to be distributed to each state.
Federal aid to education will probably expand into a general program
of grants to support equalization of educational opportunity among the
states.. The proposed model is a stcp toward rational and systematic rc-
source allocation. It takes into account the political, economic, and social
constraints . affecting [cderal resources and federal-state relationships
and -includes a correction factor which adjusts a state’s educational ex-
penditurc to its fiscal ability. The prototype’ model may be made more
complex as application in an actual situation reveals additional con-
straints and factors. 29 pp. Rels. (CD) _ . :

P-4070 - Pilot Training Study. W. E. Mooz. April 1969.

- Description of somc of the rcsults of Rand’s Pilot Training Study, an
analysis of the USAF pilot training process in terms.of costs and re-
quired resources. The study has developed two types of computer simu-
lation models—PILOT, a decision model, and a parametric resource and
cost model—to aid in broad planaing for pilot training over the next 20

years. They permit analysis of individual training operations with regard

to syllabi, course lengths. production capacity, resources necessary, and
course costs. In addition, the pilot training process can be analyzed in
terms of the factors that causc the need for pilots: policy variables relat-
ing to course size, rotation of pilots for career development, pilot loss
rates, and cross-training for sevcral aircraft. 20 pp. (CD)

P-4140 A General Simulation Model t.'o:\ln.i'ormation Systems: A
Report on a Modelling Concept. A. L. Buchanan, R. B. Waina. July
1969. . ' :

A conference paper describing a flexible, context-free information net-

work simulation model that has been written in. SIM-SCRIPT 1.5 for

use by designers of large management information systems. The new '

model avoids the need to develop equations and to make assumptions
about hard-tocstimate quantitative flows; instead it is based on the indi-

vidual messagc (or job or other temporary entity). System relationships -

are described in terms of how the units are tied together by message in--
put-and output. Central switching networks, single-string networks, and

virtually any-unconstrained nctwerk can be modeled quickly and casily ’

by usc of. the program gencrator -forms. provided. The ‘model collects.
standard queueing statistics and measures system response also in terms.
of the total flow time of sequenccs of messages. 17.pp. (MW}

P-4152 ;-S_imulatidh‘:iri Ficld Tcsting; CC I;{)vc_il;'-Aug;iép‘l9:69;'

An argunient for the use-of n‘e'il'r-réaltime:c‘:bmputér simulation as.an on-
going analytical aid in operational. field testing Test-oriented simula- . -

tions provide a unique capability for filling in the inevitable gaps in the
data, for detecting the most fruitful lines of testing to pursue, for con-
tinuing undcr circumstances that preclude further physical testing, and
. for reproducing uncapturable conditions for analysis, Specific examples

“-arc the RAPID- ROGER stidy of squadron sortie rates achievable:in .-

SEA, and a.study of proposed V/STOL- operations using’ F-100Ds in

“the role’ of V/STOL airframes not-yet built: The: computer simulation ;; -
pasi of the V/STOL test cost one man-year and $12,000 out of the total 3
half-million, yet réduced ‘needed testing by two-fifths. 13:.pp.  Refs..

\j.-.w) )
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P-4163  Environmental Simulation Tool in a Marinc Waste Dis-
posai Study of Jamaica Bay. J. J. Leendertsc. March 1970.

Descriplioit of @ thodel of fluid waste discharges in an estuary involving
relationships be¢ween the waste load, the location of discharges. the de-
grec of trcatment, the geometry of the estuary, th: flow in the cstuary,
and the temperature. Since present computational techniques are inade-
quate to deal with the three-dimensional computations of fluid flow and
the complicated boundaries of estuaries, vertical integration of the equa-
tion of motion and continuity it used to reduce the problem to a two-di-
mensional onc. The discrete valucs of the variables are described on a
grid, using a space-staggercd scheme, in which water levels and veloci-
ties are described at differcnt grid points. Since mass densitics arc de-

seribed at the same location as the water levels, there cxists in the for-

mula, operated upon in time, a centrally located spatial derivative for

the linear term. Water levels and mass densitics are computed on graph-

ical displays of the outlinc of the bay with grid points. 12 pp. = "Scc

. also RM-6230, D-20024.) (MT) :

P-4173

Traditionally limited to war, gaming is now applied to business. urban,
social, and other areas. Since all dcal with confrontation betwcen pro-
tagonists, confrontation analysis may be the appropriate term, with mili-
tary gaming a branch concerned with military problems. Military gam-

Trends in Military Ganﬁng. M. G. Weiner. August 1969.

- ing—from guerrilla to space warfarc—is still modeled on World War 11

combat operations, with little attempt to introduce the nontechnical as-
pects. Computers have expanded gaming chronologically, geographi-
cally, and technically,” standardizing inputs and simulation programs.
Emphasis is not. c.:iy on the model as a simulation tool, but also on the
development of the micromodel, reaching toward the goal of variable
resolution— i.e., gaming simultaneously at the lowest and highest level
using submodels operated through an executive routine. Another trend
moves away from outcomes toward: performance-oriented gaming: as
the measure of effectiveness under certain conditions gaming becomes a

research tool rather than a training tool. 7 pp. (SM) o

P-4226 Formation. of Planetary Systems by Aggregation: A Com-
puter Simulation. S. H.-Dole. thoberfl969."‘ : i ‘

Planetary systems that display the major regularities and irregularitics of
the solar system have been produced in-a series of computer experi-
ments employing a Monte Carlo technique. It is hypothesized that stars
and planets form within cold, dark globules of dust and gas through ag-
gregation of .grains and inelastic collisions of particles. A computer pro-
gram simulates the processcs by which planets grow in accordance with

- this hypothesis' from preplanetary nuclei on random orbits within the

cloud of dust and gas surrounding a newly formed star. Each planetary
system generated by using a different series of random numbers inputs
is unique; but in all cases the orbital spacings have patterns of regularity

;suggestive of Bode's law, and the planetary mass distributions are simi-
“lar to the solar system’s. Binary star systems are produced in the same
‘program by increasing the value of one

density in the cloud. 45 pp. Refs. (Author)

parameter, . the .coefficient of

© P4315.  Atmospheric Modeling, . Field Programs, and Decision
.Systems. F. W..Murray. March 1970. -~ .-~ .~~~ .
*“The interrelation between field programs: and- atmospheric modeling is
* - discussed in"the context of studies of weather modification. In particu-
- lar, numerica]' models ‘of ‘convective clouds’are considercd. It is ‘shown
" "how' activities‘in both field programs and modeling affect decisions con--
“cerning ‘each other, culminating in the use.of models for day-to-day go
- and ' no’ go 'decisions’ concerning thi¢" field programs. Illustrations are

given from ‘work done at -Rand and elsewhere. A few typical results’
from the Rand ‘cumulis dynamics model -are presented. This- talk was.
preparéd -for thé 6th'Skywater Conferenice, sponsored by the Bureau of -

,I_{eclamation_ in Denver, 1011 February 1970. 15 pp. Ref. (Author) -

' P4390  Prevention of Hypokalemic Cardiac Arhythmias Assogi-
-..ated with:Cardiopulmonary. Bypass and- Hemodilution: E. C. DeLand,.

R.P. Henney, T. A. Riemenschnqider_,'l."V.:._Malqney. December. 1970. .

* An‘application of the Rand computer model of fiuid balance and elec-
~_trolyte- distribution in the human body (RM-4347) to solve-a common

7
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problem of open-hcart surgery: depletion of potassium in the blood se-
rum interfering with the normal heartbeat. This potassium loss, or hy--
pokalemia, has been attributed to preoperative diuretic therapy, digitalis,
and hemodilution, The effects of extracorporeal hemodilution circula-
tion, involving an extremely complex set of chemical thermodynamic re-
lationships, were simulated, and the results checked against experiments.
with 16 dogs and observations of 5 patients undergoing heart-lung by-
pass. Hypokalemia is not prevented by simply adding potassium ion to-
the hemodiluent, nor by adding protein, but is prevented by adding

_ bosh. (Presented at the Surgical Forum session of the American College
of Surgeons, October 1970; to be published in Surgical Forum. 4 pp.
Ref. (MW) ‘ . '
P-4410  Modeling-Centinuous Systems with BIOMOD—A Prelimi-
nary Report. R. Clark, G. F. Groner, R. A. Berman. August 1970.

Models a fluid reservoir system using the current version of BIOMOD,
and interactive computer-graphics system for biological modeling. The
BIOMOD system features interaction with immediate feedback, hierar-
chical model structuring, and user-oriented model-definition languages.
It operates on an intcractive graphics console comprising a CRT screen, .-
a RAND Tablet, and a keyboard. The user may draw block diagrams,
. handprint or type text, push displayed buttons to initiate certain actions,
and drag labels..He may represent a model by a block diagram, each
component of which may be defined by another block diagram. This fa-
cilitates devising complex models one portion at a time. When BIO-
MOD is completed, the user. may define model components by chemical
equations, differential equations, or data curves, rather than. having to
translate his model description into a conventional simulation language.
During model simulation, the user may display curves for different vari-
ables, change scales, or alter simulation parameters. 41 pp. Ref. (LC)

P-4446  Evaluation and Innovation in U'rbani Research. G. D.
Brewer. August 1970. ' :

Analyzes the methodology of computer simulation in the social sciences
.and its ability to manage complexly organized systems. The in principle
arguments advanced in support of the method have been insufficiently
tempered by honest appraisal of past in practice experiences. A continu-
ation of the existing trends could harm both the method and the
processes of problemsolving in a social context. An initial problem is the
development of an appraisal {unction—i., a series of questions or.crite-
ria against which a computer simulation may be judged. The experiences . -
from 2 empirical contexts are related in efforts to construct a socalled
~ ‘policy-assisting class of simulation models. Deficiencies in the appraisal
included the vastly different. orientations of participants interviewed,
salesmanship, and various technical and theoretical shortcomings. 47 pp.
&B) . - . : et S

P-4454 A Model of Global Climate and Ecology: W. R Graham,
M. Warshaw. September 1970. B T
:Conceptual design for a model simulating-the interaction of the phy'siczﬂ
world and ‘the biosphere with man’s activities and.the climate, defined =
as that part of the prevailing conditions that affect life both directly and -

Q
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indirectly. It must integrate what is know in many diverse fields, plus
much not yet known, into a single, sclf-consistent, :tractable corhputa-
tional problem. Where analysis or obscrvation fails, the modeler must
use a range of relationships that must then await: future observations
for their definition. A 12-stage long-term sequence of model construc-
tion gives for each stage the prohlem to be solved, the action, and the
result: 20 pp. Ref. (MW) '

P-4476  Climate Modification and National Sccurity. R. R. Rapp.

October 1970.

The Rand program on climate dynamics f'or environmental s:cqrity"bc- ‘
gins with the concept that the U.S. might be harmed cither inadver-

" tently or maliciously by changes in the climate elsewhere on the globe.

The program to develop a methodology to anticipate climatic changes

. has been in progress at Rand. for about.a year, and -includes 9 subipro-.

jects: (1) determination of changes in the mean state of an n‘tvr‘nospl'\cri‘c‘
model with different boundary, conditiuns and different initial condi-
tions, (2) experiments with the Mintz-Arakawa model to détermine the

" .. direction of change, (3) experiments with'a newly developed barotropic
“ocean model, (4) a study of the effect of turbidity and cloudiness on.at-

mospheric radiation, (5) development of a small-scale convegtive cloud
model, (6) establishment of ncw numerical analysxs'mc‘thods, (]) com-
parison of the present. model with alternative models, (8) continuation

* of the study of climate as it has been recorded or deduced in the past.

and (9)- preparation:of the ILLTAC IV-to program cloud models in the
future: 9 pp. Ref. (KB) sy _

P-4486 A Stochastic Network Approach to Test and Checkout. L.
J. Watters, M. V. Vasilik. October 1970. o

Demonstrates the usefulness of GERT simulation for modeling and
evaluating policies and processes in the area of test and checkout (see
GERT: Graphical Analysis and Review Technique, RM-4973). Some of
the latest developments and extensions to a GERT simulation program
are employed to model a test plan development process, a general test

_and. checkout process, and specific cases of the latter. (Presented at the

Fourth Conference on Applications of Simulation, sponsored by AME,
ACM, IEEE; SHARE, SCI, and TIMS, in New York, December 1970.)
31 pp. Ref. (Author) o ) o :

P-4503  Interactive Siraulation of Continuous Systems: Progress

and Prospects. G. A. Bekey, E. C. DeLand. January: 1971.

The development of a simulation system that would provide both the -
interactive, user-oriented ‘features of analog computers and the' preei-
sion, memory, and computing power of the digital computer has-been a
design objective for many years. This paper reviews the background of

* present-day continuous systems simulation techniques, with emphasis on

" interactive, graphicoriented  systems. The state of the art is discussed,”
. particularly as'it concerns user convenience, interactive features, the use -

" of block diagram descriptions, and graphic displays. BIOMOD, a system
“recently deviloped-for'simulation of biclogical systems, is used as'an ex-

* . amiple. Limitations of present-day systems
" development ar¢ discussed. 21 pp. Ref. (Author).-~ *~

s and prospects for near-future - -
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